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From:  <lyra@srrc.org> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/3/2009 4:53 PM 
Subject:  SRRC comments for Suction Dredge Permitting  and SEIR 
Attachments: SRRC Comments on Suction Dredge EIR.doc 
 
Mark - 
Please find the Salmon River Restoration Council's comments attached, 
 
Thank you, 
 
Lyra Cressey 
Salmon River Restoration Council 
(530) 462-4665 
 

Salmon River Restoration Council 
PO Box 1089♦25631 Sawyers  Bar  Rd ♦  Sawyers  Bar ,  CA  96027 

Email :   info@srrc .org ♦  webpage:   www.srrc .org 
Phone:  (530)  462-4665   ♦    fax:  (530)462-4664 

 
 
 
 
 
 
November 3, 2009  
 
Mark Stopher 
California Department of Fish and Game 
601 Locust Street 
Redding, CA 96001 
 
Subject: Initial Study for Suction Dredge Permitting Program and Subsequent Environmental Impact Report 
 
To: California Department of Fish and Game 
From: Salmon River Restoration Council 
 
 
Dear Mr. Stopher, 
 
Thank you for this opportunity to comment on the Initial Study for Suction Dredge Permitting and SEIR.  The 
Salmon River is a uniquely unimpaired watershed and provides excellent habitat for fish and other aquatic life.  
Poorly regulated suction dredge activities have a negative impact on this important resource. 
 
The Salmon River has numerous statutory protections for fisheries and water quality including: 

• Clean Water Act 303(d) listing for temperature impairment 
• National and California Wild and Scenic designations for the Mainstem Salmon River, Wooley Creek, 

and almost all of the North Fork and South Fork Salmon River.  Outstandingly remarkable and 
extraordinary values include fisheries and water quality. 

• Key Watershed designation in Aquatic Conservation Strategy in Northwest Forest Plan of 1994 
 
Activities permitted by the Suction Dredge Permitting Program and the Program itself must be in compliance 
with these laws and designations.  Any suction dredging permitted cannot contribute to further impairment of 
temperature (including effects of turbidity on temperature), cannot negatively impact Wild and Scenic values, 
and must not interfere with the goals of the Aquatic Conservation Strategy. 
 
Deleterious Effects 

 
 



CDFG is authorized to permit suction dredge mining only if it is shown not to have a "deleterious effect" on 
fish. This should require a thorough examination of every mining operation prior to issuance of a permit. 
Simply issuing a ministerial permit that allows dredging without first specifically determining whether the 
mining is deleterious to fish is not legal. 
 
The Department claims to use a "common sense plain" definition of deleterious.  The definition given is, 
“…deleterious effect generally means a wide‐ranging or long‐lasting consequence for a fish population that 
extends beyond the temporal or special context of a specific direct impact. Such deleterious effects could 
include the following: (1) Catch, capture, kill, or injure a species listed as candidate, threatened or endangered 
under the state or federal Endangered Species Act; (2) A substantial reduction in the range of any species, 
and/or extirpation of a population; (3) A fundamental change to the structure of a community or 
stream ecosystem, including substantial reductions in biodiversity or resiliency to disturbance, resulting in the 
reasonably foreseeable consequence of (1) or (2) above.”[1] 
 
Merriam‐Webster on the other hand, defines deleterious as "harmful often in a subtle or unexpected way". 
This should be used as the “common sense plain” definition and should be the baseline against which the 
effects of suction dredging will be judged. There is no basis for tying the definition of deleterious to the 
Endangered Species Act.  The effects of dredging can be deleterious without a species being listed under the 
ESA.  For instance, on the Salmon River, we have the last run of wild spring Chinook in the Klamath Basin, 
which is a remnant repository of important fish genetics, but which has no official ESA designation.  Under this 
definition of deleterious, effects of suction dredging on Salmon River spring Chinook would not even be 
considered in issuing permits. 
 
Thermal Refugia 
Thermal refugia are critical for the day to day survival of multiple species of fish including, coho, juvenile 
spring and fall Chinook, adult spring Chinook, summer and winter steelhead, and rainbow trout, during the 
same time period in which suction dredging takes place on the Salmon River (July‐September).  Suction 
dredging in or near thermal refugia (deep pools, mouths of streams, springs) may interfere with the ability of 
fish to utilize these critical areas for their survival and directly affect the health or mortality of these fish.  On 
the Salmon River, a number of popular mining club claims that receive a higher than average degree of use, 
are located in or near thermal refugia.  The Department needs to thoroughly analyze the potential impacts to 
these critical areas and consider appropriate regulation to allow unimpaired fish access and use of thermal 
refugia in the Salmon River. 
 
Camping and Land Use 
Unlike most areas, the Salmon River is not equipped to handle the ancillary impacts of some recreational 
activities.  Suction dredgers camp for weeks or months at a time on the Salmon River, where there are no 
septic or sewage facilities.  The SRRC has documented cases of improper disposal of human waste at dredgers 
camps, such as in plastic bags on river bars.  The Department needs to address these ancillary suction dredge 
impacts, including the increased likelihood of their occurrence in remote areas like the Salmon River. 
 
Transport of Invasive Species 
Consideration needs to be given to the potential transport of both aquatic and terrestrial invasive species 
(such as New Zealand mussels, mud snails, algae, noxious weeds, etc) into remote areas by suction dredges.  
Currently dredge equipment is allowed to be transported throughout the state with no requirements avoiding 
the spread of invasive species.  The Salmon River is currently relatively un‐impacted by invasives, and has a 
healthy native fauna and flora.  A concerted effort is being made on the part of the community and land 
managers to control harmful invasive species on the Salmon.  The Department needs to make sure that every 
measure is taken to prevent their spread. 

 
 



 
 

 
If you have any questions or additional needs from us, please do not hesitate to contact us. We look forward 
to continuing to work with CDFG to make the Salmon River a better place for water quality, the fish, the 
people and for all beneficial uses.   
 
Sincerely, 
 
Lyra Cressey 
Water Monitoring Program Coordinator 
 



From:  Peter Brucker <ptb92day@gmail.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 
Date:  12/3/2009 4:54 PM 
Subject:  SRRC Scoping Comment for the Suction Dredge Permitting Program EIR 
Attachments: ATT.1.Overview of the SRRC. Community Restoration Program. 1992-2009. doc.d 
 oc; ATT.2. Klamath River Basin Spring-run Chinook.Map of Historic and Curre 
 nt Range.zip 
 
Abstract 
 
From:  Petey Brucker,  President 
 
 
 
Salmon River Restoration Council, 
 
 
PO Box 1089, 
 
                                                       Sawyers Bar, CA 
96027 
 
 
To:  Mark Stopher 
California Department of Fish and Game (CDFG) 
601 Locust Street 
Redding, CA 96001 
RE: SRRC Scoping Comments to the CDFG for the Suction Dredge Permitting 
Program EIR 
 
Date: December 3, 2009 
 
Dear Mr. Stopher, 
 
The Salmon River Restoration Council (SRRC) appreciates this opportunity to 
provide comments to you regarding the suction dredge scoping program EIR 
currently under way.  The SRRC is a community based 501- c- 3 non-profit 
corporation.  The mission of the Salmon River Restoration Council is to 
assess, protect, restore and maintain the Salmon River ecosystems with the 
active participation of the local community, focusing on restoration of the 
anadromous fisheries resources and the development of a sustainable economy. 
We provide assistance and education to the general public and cooperating 
agencies by facilitating communication and cooperation between the local 
communities, managing agencies, Native American Tribes, and other 
stakeholders. 
 
A key focus of the SRRC is to protect and restore the anadromous fish 
species of the Salmon River, which include:  Coho salmon, spring and fall 
run Chinook salmon, summer and winter run Steelhead, Pacific Lamprey, Green 
Sturgeon and other native species.  In particular the Salmon River is noted 
as having one of the last runs of native spring-run Chinook in the Klamath 
River Basin. The SRRC has been extensively involved in protecting and 
restoring the spring-run Chinook in the Salmon River. We have subsequently 
found it necessary to lend similar attention to the entire run of spring-run 
Chinook in the Klamath River Basin, as recovery of this keystone emblematic 
species necessitates a meta population approach. Spring-run Chinook are 
currently at a high risk of extinction. 
 
The SRRC has been an active partner in the development and implementation of 
the Salmon River Subbasin Restoration Strategy (Strategy) completed by the 
SRRC and US Forest Service- Klamath National Forest in 2002 and adopted as 
the TMDL implementation Plan by the North Coast Regional Water Quality 
Control Board in 2005. Through the SRRC’s Salmon River Community Restoration 
Program, the SRRC has made various contributions to watershed and fisheries 
resource restoration in the Salmon River and larger Klamath River Basin (See 
Attachment # 1 - Salmon River Community Restoration Program Overview). The 
SRRC has been actively engaged with the local suction dredge gold mining 
community, providing educational materials on the protection and restoration 
of the above mentioned anadromous fish species. 
 



We are providing you, below, with some background information that we have 
compiled regarding the status and unique life history of the spring-run 
Chinook stocks of the Salmon River. To be used in the development of the 
Department’s new regulations for suction dredge gold mining on the Salmon 
River and for the larger Klamath River Basin.  In this background 
information, provided below, we have also provided some perspective and data 
for the larger Klamath River Basin run of these fish. 
 
*Background on the Status of the Klamath River Basin Spring Chinook salmon, 
highlighting the Salmon River Stock* 
 
Spring-run Chinook salmon (*Oncorhynchus tshawytscha*) were once the 
dominant run type in the Klamath/Trinity Basin, Spring run populations are 
at less than 10% of their historic level. At least 7 runs (in the Klamath 
Basin) are now extinct (NOAA Fisheries –Chinook Status Review 1998). 
Spring-run Chinook in the Klamath Basin currently utilize an estimated 3 % 
of their historical habitat (See Attachment # 2- Map of Historic and Current 
Range of Klamath River Basin spring-run Chinook). Several of these historic 
stocks proliferated above the dams on the Klamath, Trinity and Shasta 
rivers.  The near extirpation of Spring Chinook in the Klamath River basin 
indicates potential future problems for other anadromous stocks that rely on 
freshwater habitats during the juvenile and adult life histories (Salmon, 
Steelhead, and Trout in California-*Status *of* an Emblematic Fauna, *Moyle 
2008). 
 
As shown in Attachment #2 –Historic and Current Range Map, spring-run 
Chinook species were once found throughout the Klamath Basin. However, passage 
of spring-run Chinook into their historical range was blocked below Klamath 
Falls in 1895 by construction of Copco 1 Dam, and on the Shasta River with 
the construction of Dwinell Dam (Hamilton et al. 2005, Moyle 2008). The 
large run in the Shasta River disappeared coincidentally with the 
construction of Dwinnell Dam in 1926 (Moyle et al. 1995). Historically, they 
were especially abundant in the major tributary basins of the Klamath and 
Trinity Rivers, such as the Salmon, Scott, Shasta, South Fork and North Fork 
Trinity Rivers. Due to a legacy of human impacts (i.e. dams, mining, 
logging, and overfishing), today, only the Salmon River and its two forks 
maintain a viable population (Moyle 2008). 
 
Both Coho and spring Chinook salmon demonstrate a stream-type life history 
strategy, where juveniles remain at least a year in freshwater before 
entering the ocean (Healey 1991), and therefore require coldwater-river 
conditions like those found in the coldwater system of the Salmon River. 
Spring run Chinook are distinct from fall run Chinook in that adult spring 
Chinook enter fresh water in spring and early summer, before their gonads 
are fully developed and hold in cold water areas for 2-4 months before 
spawning. Successful juvenile life history strategies require suitable 
winter rearing habitats, commonly found in off-channel reaches, wetlands and 
estuary environments. 
 
By the 1980s, spring-run Chinook had been largely eliminated from much of 
their former habitats because the cold, clear water and deep pools that they 
require were either absent or inaccessible.  Within the Lower Klamath 
watershed, the Salmon River remains the most pristine tributary (Moyle 
2004). Spring Chinook require deep pools for summer holding adults, such as 
those in the Salmon River. 
 
 In the Klamath River drainage above the Trinity, only the (Spring Chinook) 
population in the Salmon River and Wooley Creek remains; it has annual runs 
of 150-1500 fish (Campbell and Moyle 1991, Barnhart 1994). Numbers of fish 
in the area continue to decline (Moyle 2002) with only 90 returning adults 
counted in the 2005 cooperative snorkel surveys on the Salmon River 
(ATTACHMENT # 3 - Salmon River Spring Chinook Census Data). Approximately 
177 km of habitat is accessible to spring Chinook in the Salmon River (West 
1991) with a large portion being underutilized or unsuitable. Spring run 
Chinook are listed by the US Forest Service as a Sensitive Species in the 
Klamath National Forest.  Reconnecting historic habitats in the Klamath and 
its tributaries is necessary for long term persistence of these fish (Moyle 
2008). 
 
In addition, we are sending you attached files, which are 3 zipped files 



that have 1individual file. These are submitted as part of our scoping 
comments. We have attached one unsipped and one zipped file folder to this 
email. We are sending you 2 subsequent zip files in 2 subsequent emails. We 
have done this, as these files may be too large to be sent in one email. 
These ATTACHMENTS 1,2,3,4 - A and B, 5, AND 6 are included for you to use in 
the development of the new regulation in the CDFG Suction Dredge Permitting 
Program.  The emphasis of the data and information that we are providing to 
you is primarily related to the anadromous fisheries species of the Salmon 
River, highlighting spring-run Chinook, as they are unique to the Salmon 
River and should receive specific measures to adeqautely protect them.   The 
files attached include:    1) ATTACHMENT # 1 – Salmon River Community 
Restoration Program Overview; 2)  ATTACHMENT # 2 – Klamath River Basin 
Spring-run Chinook Map of Historic and Current Range; 3) ATTACHMENT # 
3 -  Salmon 
River Adult Spring Chinook Survey Data 1980-2009; 4)ATTACHMENTS  # 4 – 
A)Salmon River spring Chinook fry report [2].pdf  and B)  Salmon River 
Spring Chinook Otolith Report Draft.doc;   5) ATTACHMENT # 5 – Salmon River 
Spring-run Chinook Adult Spawning Survey Map; and 6) ATTACHMENT # 6 – 
Periodicity with Hardy, which identifies various life history of fish 
species in the Klamath River Basin. 
 
Through the development and use of fisheries and watershed planning 
documents, the SRRC and its partners have and will continue to work closely 
with the Department to develop and implement actions to assist in our 
understanding of the Salmon River fisheries resources and to help guide the 
protection and recovery of these fish species, emphasizing the Spring-run 
Chinook. 
 
We request that new suction dredge gold mining regulations have adequate 
measures in them to protect spring-run Chinook and the critical habitat 
needed for the recovery of this sensitive species in the Salmon River and 
Klamath River Basin. In addition, the new regulation should also provide 
adequate protection measures for the other native species of fish found in 
the Salmon River, as well as for the aquatic ecosystem in general. 
 
We are available to assist the Department, as is needed and appropriate, in 
any additional research and data collection activities on the Salmon River 
related to the development of the Department’s new regulations for suction 
dredge gold mining in the Salmon River and the Klamath River Basin 
 
We look forward to assisting you in the development of the Department’s 
regulations for suction dredge gold mining. Please let us know if you have 
any question for us or would like additional information, related to the 
conditions and needs in the Salmon River or other areas related to the 
aquatic ecosystem of the Klamath River Basin, including the Trinity River 
tributary. 
 
Respectfully, 
 
Petey Brucker – President 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Overview of the Salmon River Restoration Council’s 
Salmon River Community Restoration Program (CRP) 1992-2009 

 
The Salmon River Restoration Council (SRRC) was formed in 1992 and was 
provided support by the Klamath Basin Fisheries Task Force between 1993 - 
2006. The SRRC has served as the lead entity in the Salmon River subbasin in 
the effort to enlist cooperation amongst the stakeholders to create a watershed 
restoration program, highlighting the anadromous fisheries resources. The 
SRRC’s efforts were spawned by a successful Poaching Prevention Program, 
which was embraced by the local community starting in 1992, and highlighted the 
protection of spring-run Chinook and summer steelhead. The SRRC, through its 
educational approach,  has been recognized as reducing the poaching of these 
species in the Salmon River by over 90%.  
 
The SRRC initiated the Community Restoration Program (CRP) in 1993. Through 
the  CRP, the SRRC has planned and sponsored an annual series of ecosystem 
awareness workshops to increase stakeholder awareness for the Salmon River 
conditions and needs. These workshops are often accompanied by volunteer 
workdays, which provide the opportunity for stakeholders to apply learned 
restoration techniques needed to promote salmonid species recovery.  Through 
the CRP, the SRRC has held over 1,000 scheduled workshops and/or workdays 
that have involved over 100,000 hours of in-kind contribution, largely from the 
local community members. Since 1993, the SRRC has administered over 
$5,000,000 in fisheries/wateshed restoration activities in the Salmon River, with 
almost  $ 2 million provided by the SRRC as in-kind contribution.   
 
In 1994 the SRRC adopted its first annual Work Plan for the Community 
Restoration Program, which created an overview of conditions and needs for 
anadromous fisheries in the Salmon River and identified projects for the 
community to address these needs. The annually updated and adopted CRP 
Plan has helped to guide efforts for the community to help address factors that 
limit Salmon River salmonids.  
 
In 2002 the SRRC and the US Forest Service completed the Salmon River 
Subbasin Restoration Strategy (Strategy), which assessed the anadromous 
fisheries resource conditions for the Salmon River and developed an “Action 
Matrix” to best address the limiting factors for the existing species.  The SRRC 
and its partners utilize this Strategy, which incorporates the CRP Plan, and tiers 
to the Klamath and Six Rivers Land and Resource Management Plans, adopted 
by the US Forest Service in 2005. The SRRC assisted in the North Coast 
Regional Quality Control Board’s (Board) TMDL process for water temperature in 
the Salmon River. This assessment was completed in 2005. The Board adopted 
the Strategy as the Salmon River TMDL Implementation Plan.      
 
The SRRC and its partners have utilized the Strategy to guide prioritized 
watershed restoration and fisheries protection in the Salmon River.  To address 



the multiple needs of salmonids, the SRRC has created nine Programs to help 
focus cooperator attention on specific areas. Each year the Program 
Coordinators develop annual work plans that are used to coordinate with our 
cooperators. The Program Areas include:  Fisheries Monitoring and 
Management; Watershed Monitoring; Watershed Education; Roads 
Management; Fire, Fuels, and Forestry; Invasive Species Control; Riparian 
Habitat Assessment and Restoration; River-Clean Up;  and Maintaining the 
Watershed Center.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

7; Spring Chinook Jacks/Grilse = 116;  2009 Results: Adult Spring Chinook = 52
OTAL – 643 returning adults for 2009  T

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
From:  Peter Brucker <ptb92day@gmail.com> 
To: <dfgsuctiondredge@dfg.ca.gov> 

06.zip; ATT.4.A.SalmonR 
iverspringChinookfryreport[2].zip 

ark, 

ere is the SRRC's 2nd installment of zipped files. 

etey Brucker - SRRC President 

dfg.ca.gov> 

pped Files 
ttachments: ATT.4.B.SalmonRiverspringChinookfryreport[2] (2).zip 

bstract 

RRC Suction Dredge Permit Program EIR - 3rd Installment of Zipped Files 

ark, 

ere is the SRRC's 3rd installment of zipped files. 

etey Brucker - SRRC President 

Date:  12/3/2009 5:09 PM 
Subject:  SRRC Suction Dredge Permit Program EIR - 2nd Installment of Zipped Files 
Attachments: ATT.5.Salmon River Spring run Chinook REDD data..03-
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From:  Peter Brucker <ptb92day@gmail.com> 
To: <dfgsuctiondredge@
Date:  12/3/2009 5:28 PM 
Subject:  SRRC Suction Dredge Permit Program EIR - 3rd Installment of Zi
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Overview of the Salmon River Restoration Council’s 
Salmon River Community Restoration Program (CRP) 1992-2009 

 
The Salmon River Restoration Council (SRRC) was formed in 1992 and was 
provided support by the Klamath Basin Fisheries Task Force between 1993 - 
2006. The SRRC has served as the lead entity in the Salmon River subbasin in 
the effort to enlist cooperation amongst the stakeholders to create a watershed 
restoration program, highlighting the anadromous fisheries resources. The 
SRRC’s efforts were spawned by a successful Poaching Prevention Program, 
which was embraced by the local community starting in 1992, and highlighted the 
protection of spring-run Chinook and summer steelhead. The SRRC, through its 
educational approach,  has been recognized as reducing the poaching of these 
species in the Salmon River by over 90%.  
 
The SRRC initiated the Community Restoration Program (CRP) in 1993. Through 
the  CRP, the SRRC has planned and sponsored an annual series of ecosystem 
awareness workshops to increase stakeholder awareness for the Salmon River 
conditions and needs. These workshops are often accompanied by volunteer 
workdays, which provide the opportunity for stakeholders to apply learned 
restoration techniques needed to promote salmonid species recovery.  Through 
the CRP, the SRRC has held over 1,000 scheduled workshops and/or workdays 
that have involved over 100,000 hours of in-kind contribution, largely from the 
local community members. Since 1993, the SRRC has administered over 
$5,000,000 in fisheries/wateshed restoration activities in the Salmon River, with 
almost  $ 2 million provided by the SRRC as in-kind contribution.   
 
In 1994 the SRRC adopted its first annual Work Plan for the Community 
Restoration Program, which created an overview of conditions and needs for 
anadromous fisheries in the Salmon River and identified projects for the 
community to address these needs. The annually updated and adopted CRP 
Plan has helped to guide efforts for the community to help address factors that 
limit Salmon River salmonids.  
 
In 2002 the SRRC and the US Forest Service completed the Salmon River 
Subbasin Restoration Strategy (Strategy), which assessed the anadromous 
fisheries resource conditions for the Salmon River and developed an “Action 
Matrix” to best address the limiting factors for the existing species.  The SRRC 
and its partners utilize this Strategy, which incorporates the CRP Plan, and tiers 
to the Klamath and Six Rivers Land and Resource Management Plans, adopted 
by the US Forest Service in 2005. The SRRC assisted in the North Coast 
Regional Quality Control Board’s (Board) TMDL process for water temperature in 
the Salmon River. This assessment was completed in 2005. The Board adopted 
the Strategy as the Salmon River TMDL Implementation Plan.      
 
The SRRC and its partners have utilized the Strategy to guide prioritized 
watershed restoration and fisheries protection in the Salmon River.  To address 
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the multiple needs of salmonids, the SRRC has created nine Programs to help 
focus cooperator attention on specific areas. Each year the Program 
Coordinators develop annual work plans that are used to coordinate with our 
cooperators. The Program Areas include:  Fisheries Monitoring and 
Management; Watershed Monitoring; Watershed Education; Roads 
Management; Fire, Fuels, and Forestry; Invasive Species Control; Riparian 
Habitat Assessment and Restoration; River-Clean Up;  and Maintaining the 
Watershed Center.  



 



 

 

2009 Results: Adult Spring Chinook = 527; Spring Chinook Jacks/Grilse = 116;  
TOTAL – 643 returning adults for 2009  
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Funding for this study was provided by the Klamath River Basin Conservation Area
Restoration Program (Klamath Fishery Restoration Program).  
 
 

Disclaimers 
sclaimer: The mention of trade names or commercial products in this report does not 
nstitute endorsement or recommendation for use by the Federal government. 

e U.S. Department of the Interior prohibits discrimination in Department Federally 
nducted Programs based on race, color, national origin, sex, age, or disability.  If you 
lieve that you have been discriminated against in any program, activity, or facility 
erated by the U.S. Fish and Wildlife Service or if you desire further information please 
ite to: 

U.S. Department of the Interior 
Office of Equal Opportunity 

1849 C. Street, N. W.  
Washington, D.C. 20240 
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e correct citation for this report is: 

rtori, Jane C.  2005.  Microstructural natal signature of spring Chinook salmon otoliths 
from the Salmon River drainage, northern California.  U. S. Fish and Wildlife Service, 
Arcata Fish and Wildlife Office, Arcata Fisheries Technical Report Number AFWO-
TR01-05, Arcata, California. 
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Abstract.   Early life history events in juvenile salmonid development, 
including eye-up, hatch, emergence, and habitat transitioning, can be linked 
to otolith microstructural patterns.  In recent years, the combination of early 
life history events and incubation thermal regime has been used to associate 
stocks with specific incubation sites.  Variation in temperature and growth 
can produce otolith increment patterns that are stock specific, provided the 
stock incubated under a distinct thermal regime.  The resulting otolith 
increment pattern may be specific to the thermal regime under which 
embryonic and alevin development occurred, as it is generally accepted that 
increment deposition occurs prior to hatch.  In this study, otoliths were 
collected from spring Chinook salmon (Oncorhynchus tshawytscha) fry 
captured from spawning sites on the North and South forks of the Salmon 
River in northwestern California in spring 2004.  Otolith microstructure was 
analyzed using light microscopy and imaging software and later compared 
between the two forks and to other samples collected previously in the 
Klamath Basin.  A natal microstructural signature was present on all otoliths 
collected in the Salmon River Basin (n=91) that was distinctive from other 
Klamath Basin collections.  Natal signatures of fish collected from the North 
and South forks of the Salmon River were similar, indicating that both 
sample sites may have comparable thermal regimes during the incubation and 
intragravel development period for spring Chinook salmon. 

Introduction 
Otolith microstructure analysis has been used to determine age and growth of individual 
fish for many years.  Recently, otolith microstructural patterns have been used to identify 
different juvenile life history types or life history events (e.g. Neilson et al. 1985; Larsen 
and Reisenbichler 1993, Volk et al. 1995) and to differentiate stocks in a system (e.g. 
Paragamian et al. 1992, Rieman and Myers 1994, Quinn et al. 1999).  Transitions in life 
history such as “eye-up”, hatch, emergence, and migration from one habitat to another 
(e.g. freshwater to saltwater) are recorded in microstructural patterns of otoliths.  These 
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changes appear as variations in increment deposition on otoliths that alter appearance of 
the microstructural pattern (Marshall and Parker 1982; Campana and Neilson 1985; Volk 
et al. 1990, 1996). 

Fish otoliths are comprised primarily of calcium carbonate in aragonite mineral form 
embedded in a collagen-like organic matrix (Degens et al. 1969).  Organic and inorganic 
components of otoliths interact during otolith growth to lay down a series of dark and light 
bands that reflect the bipartite nature of otolith increments.  Incremental patterns may be 
comprised of a few to many individual increments that reflect previously mentioned life 
history events or changes in environment such as temperature or salinity. 

Variation in temperature and growth can produce otolith increment patterns that are stock 
specific, provided the stock incubated under a distinctive thermal regime (Zhang et al. 
1995, Volk et al. 1996, Quinn et al. 1999).  The resulting increment pattern is specific to 
the thermal regime under which embryonic and alevin development occurred as it is 
generally accepted that increment deposition initiates prior to hatching (Quinn et al. 1999).  
The portion of the incremental pattern that exemplifies natal origin is located near the core 
of the otolith and represents intragravel residency.  In this study, the core region of otoliths 
is referenced as the “developmental check region”, encompassing the area between and 
including the hatch and emergence checkmarks. 

The primary objective of this study was to identify a developmental check region and 
associated microstructural pattern of newly emerged spring Chinook salmon 
(Oncorhynchus tshawytscha) from the North and South forks of the Salmon River through 
qualitative and quantitative means.  Identification of this region and its associated 
incremental pattern should reflect a natal signature of collection sites.  A secondary 
objective, dependent on the ability to identify a developmental check pattern (objective 1), 
was to compare the developmental check patterns from samples collected from the North 
and South forks of the Salmon River to each other; as well as to visually compare the 
patterns to other recognized patterns. 

Study Area 
Otoliths were collected from spawning sites on the North and South forks of the Salmon 
River, located in the Salmon River watershed of the Klamath River Basin in northwestern 
California (Figure 1).  Sample sites were chosen based on knowledge of spring Chinook 
spawning exclusivity above the two forks of Salmon River (Peter Brucker, Salmon River 
Restoration Council, personal communication).  Sample sites were similar in elevation and 
hydrology.  Spring run Chinook salmon spawn from about mid-September to late October 
above the forks of the Salmon River (Table 1), whereas fall run Chinook salmon spawn 
later in the year in the mainstem Salmon River below the forks.  Spring Chinook salmon 
fry incubate and emerge from redds in January to May (Table 1).  Otoliths were collected 
from fish captured directly below Idlewild Campground (elevation  ~783 m) on the North 
Fork Salmon River and about 1.6 km below Blind Horse Creek (elevation ~823 m) on 
South Fork Salmon River (Figure 1).  
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Figure 1.  Map of Salmon River showing collection sites. 
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Table 1.  Salmon River Chinook salmon early life stage periodicity (courtesy of Karuk 
Tribal Fisheries Program). 

Month 

Life Stage Run Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Spr         X X   
Redd 

construction 
Fall          X X  

Spr X X X X X        
Egg 

incubation 
and fry 

emergence 
 

Fall X X X X X        

Spr    X X X X      Fry rearing 
(up to 

50mm) Fall    X X X X      

 

Methods 
Spring Chinook salmon fry were captured from Idlewild Campground and Blind Horse 
Creek spawning areas using an 18.5 x 14.5 cm dipnet having a mesh size of about 1 mm. 
A targeted sample size of about 70 spring Chinook salmon fry from each fork of Salmon 
River was established prior to field collection.  Sample size was based on three criteria: (1) 
type of study (i.e. lethal or non-lethal), (2) life stage of the fish, (3) adequate numbers to 
establish variance and reliability, and (4) experience of researcher (UFR Committee 2004).  
Fish fork lengths were measured to nearest millimeter (mm) before fish were frozen prior 
to laboratory preparation.  Otoliths were removed, prepared, and analyzed in the Otolith 
Laboratory of the Arcata Fish and Wildlife Office in Arcata, California.  Otoliths were 
extracted, cleaned of membranous tissue, and allowed to dry before length (nearest 
0.1mm) and weight (nearest 0.00001g) were measured.  Extracted otoliths were then 
embedded in a resin block that was lapped on both sides until the primordial region of the 
otolith core was exposed.  This procedure allowed the pre-and post-hatch area incremental 
patterns to be viewed by light microscopy. 

Prepared samples were visually examined for incremental patterns and “checkmarks” in 
the region between the core and edge of the otolith.  A particular checkmark associated 
with hatching was noted.  ‘Hatch checkmarks’ of salmonids usually appear in the form of 
a very dark band or structural discontinuity from previous increments.  An ‘emergence 
checkmark’ occurs prior to a transitional area from broad or indistinct increments of the 
post-hatch alevin to the well-defined daily incremental banding of emergent fry (Volk et 
al. 1995).  For the purpose of this study, a developmental check was defined as a region of 
increments located between a hatch check and an emergence check, including the two 
checks.  The natal signature was defined as the increments located between the otolith core 
to the end of the developmental check region since increment deposition in this region 
occur during intragravel development. 
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Descriptions of visually examined incremental patterns of specific otolith regions were 
noted and recorded for each sample.  Analyzed otolith regions included the following 
areas: (1) core to beginning of developmental check, (2) developmental check, and (3) end 
of developmental check to otolith edge.  These areas are referred to as ‘regions’ for the 
purpose of this study.  All samples were visually analyzed twice with a lapse of three 
weeks between analyses to avoid reader bias as the same reader conducted both analyses. 

Quantitative analyses of otolith regions were completed using light microscopy, an image 
analysis software system, and a statistical software package.  Linear distances of radii 
(core to specific checkmarks and to otolith edge), incremental widths, and distances 
between specific checks (hatch and emergence) were measured, recorded, and entered into 
a database.   

Determination of significant difference between developmental check regions of the North 
and South forks of Salmon River was established using an independent t-test (Murphy and 
Willis 1996), as shown by the equation: 
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yWhere t = Test of significant difference between two sample means, = sample means, s2 
= sample variances, and n = sample sizes. 

Results 
Collection of spring Chinook salmon fry at Idlewild Campground (North Fork) was 
completed on two separate dates because sampling on the first date of March 25, 2004, 
resulted in a total of five samples.  A second visit to the campground on April 6 yielded 28 
additional samples.  Collection of fish near Blind Horse Creek on the South Fork of the 
Salmon River yielded 74 samples on March 5, 2004.  Mean fork lengths of North Fork and 
South Fork samples were 36.3 and 35.8 mm, respectively (Appendix A). 

Of the 107 samples collected (North Fork=33, South Fork=74), only 91 samples (North 
Fork=28, South Fork=63) were used in the visual and quantitative analysis.  Sixteen 
samples were not used due to one or more of the following circumstances: unacceptable 
radial angle, abnormal crystalline formation on otolith, uneven microstructural growth 
patterns along radial angle, loss of otolith (part or whole), and/or poor sample preparation.   

Visual analysis of North Fork and South Fork samples resulted in a consistently 
identifiable developmental check pattern located in the same region of the otoliths.  Both 
sample groups exhibited a developmental check pattern that began with a hatch check 
composed of two dark bands separated by one light band and ending with an emergence 
check composed of three dark bands separated by two light bands (Figure 2).  These 
distinctive increment pattern segments of the developmental check were apparent for all 
samples, even as deposition of increments varied in color intensity (Figure 3).  The only 
subtle difference observed was a color intensity change of a few increments (about 2-4) in 
the area directly preceding the hatch checkmark sequence on the North Fork samples 
(Figure 2).  This small number of increments did not appear larger or smaller in width  
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Figure 2.  Photographs of representative otoliths from spring Chinook salmon fry 
collected from the North and South forks of the Salmon River, Klamath River Basin, 
northwestern California in 2004.  Note the similar ‘developmental check’ regions. 

 

 
Figure 3.  Developmental check sequence on an otolith extracted from a spring Chinook 
salmon fry collected in the Salmon River drainage in the Klamath River Basin, 
northwestern California in 2004. 
 

from other increments prior to the change of intensity and did not yield a transitional 
appearance of increments beyond this point as would a hatch check. 

Based on this subtle visual differentiation of the North Fork Salmon River samples and the 
South Fork Salmon River samples, a blind examination of 30 mixed samples was 
conducted.  This test resulted in 26 samples or 86% correctly identified to associated 
collection site (Appendix B).   

The developmental check width and linear distance from the core region did not differ 
significantly (p=0.7 and 0.1 at 05.0=α , respectively) between the two sample groups  
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Table 2.  Summary of a two sample t-test ( 05.0=α . df=89) comparing mean linear 
widths of specific otolith regions between spring Chinook salmon collected on the North 
and South forks of the Salmon River in 2004. 

Core to Developmental Check 
Region 

Developmental Check  
Region 

 Post Developmental Check 
Region 

Site n 
Mean
(µm) 

SD 
(µm)

SE 
(µm)

t 
value

p 
value

Mean
(µm)

SD
(µm)

SE
(µm)

t 
value

p 
value

 Mean
(µm) 

SD 
(µm)

SE
(µm)

t 
value

p 
value

North
Fork 28  98.8 15.5 2.9   88.6 1.7 0.3    72.1 11.6 2.2   

     -1.6 0.1    -0.4 0.7     11.1 0.0
South
Fork 63 103.2 10.4 1.3   88.7 1.4 0.2    44.0 11.0 1.4   

 

(Table 2).  Mean widths of the developmental check region for the North Fork Salmon 
River samples (mean =88.6, s=1.7, n=28) and the South Fork Salmon River samples 
(mean =88.7, s=1.4, n=63) were similar (t=-0.4, df=89, p=0.7) (Table 2).  Mean distance 
of developmental check from core area for North Fork Salmon River samples (mean 
=98.8, s=15.5, n=28) and the South Fork Salmon River samples (mean =103.2, s=10.4, 
n=63) were also similar (t=-1.6, df=89, p=0.1) (Appendix C).  The developmental check 
region contained similar increment counts with a mean of 27 increments (s=1.9, n=28) for 
the North Fork Salmon River group and a mean of 28 increments (s=2.0, n=63) for the 
South Fork Salmon River group (t=-1.4, df=89, p=0.2) (Table 3) (Figure 4). 

Mean width of post-developmental check area for North Fork Salmon River samples 
(mean=72.06, s=11.59, n=28) and South Fork Salmon River samples (mean=43.99, 
s=10.98, n=63) were found to be significantly different (t=11.06, df=89, p<0.001) (Table 
2).  This difference is a direct result of the number of increments within this region for 
each sample group.  Spring Chinook salmon fry from the North Fork had an average of 18 
increments post emergence, which differed significantly from South Fork samples that had 
an average of 29 increments for the same region (t=11.13, df=89, p<0.001) (Table 3). 

 

Table 3. Summary of a two sample t-test ( 05.0=α . df=89) comparing mean increment 
counts of specific otolith regions between spring Chinook salmon collected on the North 
and South forks of the Salmon River in 2004. 

Core to Developmental Check 
Region 

Developmental Check  
Region 

 Post Developmental Check 
Region 

Site n Mean SD SE 
t 

value
p 

value Mean SD SE
t 

value
p 

value 
 

Mean SD SE
t 

value
p 

value
North 
Fork 28 15 3.5 0.7   27 1.9 0.4    29 4.4 0.8   

     -2.7 0.0    -1.4 0.2     11.1 0.0 
South 
Fork 63 17 2.5 0.3   28 2.0 0.3    18 4.2 0.5   
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Figure 4.  Mean incremental counts of otolith regions from spring Chinook salmon fry 
collected from North (SRNF) and South (SRSF) forks of the Salmon River in 2004.  
Vertical lines represent standard error at 95% confidence interval (DC = developmental 
check). 

Discussion 
Otoliths collected from Salmon River spring Chinook salmon fry exhibited a particular 
pattern of contrasting variation in incremental definition of the pre- and post-hatch regions 
regardless of sampling site.  This particular increment pattern was consistently apparent 
even when sample quality was flawed indicating similar incubational thermal regimes 
between the Salmon River sampling sites.  

Visual examination of otoliths from the North and South forks of the Salmon River 
indicated that spring Chinook salmon fry incubated under similar thermal regimes.  Both 
groups exhibited the same hatch check incremental sequence and the same emergence 
check incremental sequence with some variation of increment deposition between the two 
checks.  The only visual difference between the two groups was that the North Fork 
samples had a few increments that appeared visibly darker prior to the developmental 
check region than the South Fork samples.  Unfortunately, overwintering water 
temperature data were not available; only temperatures at the time of the collections were 
recorded by field crews.  Water temperature at North Fork sample site was 8°C on April 6, 
2004, and 9°C at the South Fork sample site on March 5, 2004.  Although a blind test on 
this subtle difference yielded an 86% correct pattern: site identification ratio, the test was  
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time consuming, even when conducted by a proficient reader and should be performed 
with care.  If time and/or reader experience is a concern, genetic analyses may provide a 
more efficient means to assess stock origin, assuming spring Chinook salmon in the North 
and South forks of the Salmon River differ genetically. 

Comparative visual analysis of the Salmon River developmental checkmark was distinct 
from microstructural patterns associated with Chinook salmon from the Iron Gate 
hatchery, Trinity River hatchery, and samples collected from the upper Trinity River 
mainstem (Figures 5-7).  This visual difference suggests that the developmental thermal 
regimes varied between collection sites. 

Linear measurements across the developmental check pattern and distance of the 
developmental check region from the core area did not differ between the North and South 
forks of the Salmon River.  However, there was a significant difference (p<0.001) in the 
width of the post-emergence region of otoliths between the two streams.  The mean width 
of the post-emergence region from otoliths collected on the North Fork was 72.06 µm 
compared to 43.99 µm for the South Fork samples.  As expected, a larger area 
encompasses a greater number of increments.  This is important as teleost fish otoliths 
deposit increments with a daily periodicity (Campana 1992).  More increments beyond the 
emergence check constitutes more post-emergent days at liberty.  The North Fork Salmon 
River group contained an average of 29 increments within this region, whereas the South 
Fork Salmon River group contained an average of 18 increments within this region 
(Figure4). Date of collection appears to support the theory of increment depositional rate  

 
Figure 5.  Photograph of otolith microstructural pattern representative of fall Chinook 
Salmon from Iron Gate Hatchery located in Siskiyou County, California.  Note the 
prominent band surrounding the core region which differentiates this particular pattern 
from other Klamath Basin patterns sampled thus far. 
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Nicholas J. Hetrick
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Figure 6.  Photograph of otolith microstructural pattern representative of fall Chinook 
salmon from the Trinity River Hatchery located in Trinity County, California.  Note the 
five prominent bands occurring prior to hatch check.  This banding pattern differentiates 
this particular pattern from other Klamath Basin patterns sampled thus far. 
 

 
Figure 7.  Photograph of an otolith microstructural pattern of a Chinook salmon sampled 
from upper Trinity River mainstem located in Trinity County, California.  Note the four 
prominent bands post hatch check. 
 

 10



as the North Fork was sampled near the end of March 2004 and again in early April 2004.  
South Fork was sampled in early March 2004. 

This study identified a distinct microstructural pattern in spring Chinook salmon spawned 
in 2003 in the North and South forks of the Salmon River that differed from patterns 
documented for other collections in the Klamath Basin.  However, results of this study are 
limited due to small sample sizes, sample size inequality, and its reliance on a single brood 
year, stream, and race.  Additional studies are needed to clarify the specific natal 
microstructural signature of spring Chinook salmon stocks in the Salmon River, including: 
(1) otolith study of spring Chinook salmon adults returning to the Salmon River, (2) 
continuing the otolith study of spring Chinook salmon fry in the Salmon River drainage 
with increased sample sizes and collection of overwintering water temperatures, (3) a 
comparative study between fall and spring Chinook salmon fry otoliths in the Salmon 
River drainage, and (4) a comparative study of spring Chinook salmon fry otolith 
microstructure from the Salmon River to microstructure of other river systems outside the 
Klamath Basin. 
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Appendices 

Appendix A  Summary of two sample t-test ( 05.0=α ; df=89) used to compare mean 
fork lengths of spring Chinook salmon collected on the North and South forks of the 
Salmon River in spring 2004.   

Site n Mean (mm) SD (mm) SE (mm) t value p value 
North Fork Salmon River 28 36.3 1.8 0.4 
South Fork Salmon River 63 35.8 2.0 0.3 

1.0 0.3 

 

 

Appendix B.  Summary of the developmental check blind test of spring Chinook salmon 
fry samples from the North (NF) and South(SF) forks of the Salmon River mixed.  . 
 

Sample # NF SF Correct? Comments 
1  X Yes  
2  X Yes  
3  X Yes  
4  X Yes  
5 X  Yes  
6  X Yes  
7 X  Yes  
8   X No Poor Preparation 
9 X  Yes  

10 X  Yes  
11   X No Poor Preparation 
12  X Yes  
13 X   No Broken slide 
14  X Yes  
15 X  Yes  
16  X Yes  
17 X  Yes  
18 X  Yes  
19 X  Yes  
20 X  Yes  
21 X  Yes  
22  X Yes  
23  X Yes  
24  X Yes  
25 X  Yes  
26 X  Yes  
27  X Yes  
28  X Yes  
29   X No Poor Preparation 
30   X Yes   
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AbstractThe Salmon River, located in northwestern California, is one of the 
last known refuges for naturally produced Klamath basin spring Chinook 
salmon (Oncorhynchus tshawytscha).  Previous salmonid distribution and 
abundance monitoring studies of the Salmon River determined two migration 
peaks; the primary occurring in spring and the secondary occurring in the fall.  
To determine if there was any spring Chinook salmon emigrating during the 
secondary peak, an otolith microstructural study was performed on left 
sagittal otoliths collected during the secondary peak between the years of 
2003-2005.   
Of the 58 otolith samples analyzed in this study, a total of 18 otoliths were 
identified as Salmon River spring Chinook salmon when compared to 
previous Salmon River juvenile spring Chinook salmon microstructural data 
(p > 0.05).  The origination of the remaining 40 otolith samples remained 
unidentified due to absence of baseline juvenile fall Salmon River Chinook 
salmon microstructural data and had a different microstructural pattern from 
the known spring Chinook salmon microstructural pattern (p < 0.05). 
A secondary study objective was to determine freshwater residency and 
associated growth rates of all Salmon River Chinook salmon otoliths 
analyzed in this study.  Overall mean freshwater residency was estimated to 
be 136 days with an estimated mean growth rate of 0.23 mm/day.   
Results of this study are preliminary until further studies involving known 
fall Salmon River Chinook salmon otolith microstructure, adult Salmon River 
spring and fall otolith microstructure, and genetic analyses can be 
investigated.  
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Introduction 
Otolith-based research provides information on the population biology and life history of 
fish that is otherwise extremely difficult, if not impossible, to collect such as daily age and 
growth rates, hatch and emergence dates, life stage transitions, and habitat transitions 
(Begg et al. 2005).  Cyclic depositions of organic and inorganic components of otoliths 
interact to lay down a series of sequential dark and light bands that reflect the bipartite 
nature of otolith increments.  Unlike scales, otoliths are comprised of crystalline calcium 
carbonate polymorphs that are embedded in a proteinaceous matrix that, once deposited, is 
metabolically inert resulting in no resorption or remineralization (Gauldie and Nelson 
1990).   

Variation in temperature and growth can produce otolith increment patterns that are stock 
specific, provided the stock incubated under a distinctive thermal regime (Zhang et al. 
1995, Volk et al. 1996, Quinn et al. 1999).  The resulting increment pattern is specific to 
the thermal regime under which embryonic and alevin development occurred as it is 
generally accepted that increment deposition initiates prior to hatching (Quinn et al. 1999).  
For this study, the area of the otolith denoting the developmental life stage of the fish are 
the increments located between and including the hatch and emergence checks and is 
referenced as the ‘developmental check region’ (DC region).   

Given that a fish length to otolith length relationship can be determined, the widths of the 
sequential increments located post-emergence provide daily growth rates of the fish at a 
specific age and on a specific date provided that increment deposition is daily (Campana 
and Jones 1992).  Since various authors have previously demonstrated the deposition of 
otolith increments of Chinook salmon to be daily (Wilson and Larkin 1982, Marshall and 
Parker 1982, Volk et al. 1984, Neilson and Geen 1985; and others), this study did not 
investigate the increment depositional rate and assumes that increment periodicity is daily.   

Abundance and distribution studies on emigrating juvenile Chinook salmon 
(Oncorhynchus tshawytscha) of the Salmon River, California, have shown two distinct 
migration peaks that occur in spring/early summer and in the fall (UFWS, in prep, 
Juvenile Salmonid Monitoring on the Mainstem Salmon River at Somes Bar, CA).  The 
Salmon River supports spring- and fall-run Chinook salmon, as well as other salmonid 
species such as coho salmon (O. kisutch) and steelhead (O. mykiss). 

The primary objective of this study was to identify and estimate the number of juvenile 
spring Chinook salmon emigrating from the Salmon River, CA based on screw trap 
collections throughout the migration season which began in spring and ended in the fall.  
Unfortunately, collected sample sizes were very small (< 100) and only represented the 
latter portion of the migration season which eliminated a comparative study between the 
number of emigrating juvenile spring Chinook salmon found in the primary and secondary 
migration peaks of the Salmon River.  Due to these circumstances, a redirection in the 
primary objective of a comparative study between the two migration peaks became an 
identification and enumeration of migrating juvenile Chinook salmon that display the 
previously identified Salmon River spring Chinook salmon microstructural pattern (Sartori 
2005) of the collected screw trap samples.  Other study objectives included an estimation 
of freshwater residency and associated growth rates; and identification of hatch and 
emergence checks. 
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Study Area 
A rotary screw trap was placed 1.5 river kilometers (rkm) upstream from the confluence of 
the Salmon River and the Klamath River to monitor distribution and abundance of 
emigrating juvenile salmonids.  Trap site was chosen based on its proximity to the mouth 
of the Salmon River, accessibility, and a deep thalwag to situate the trap in (W. Pinnix, 
U.S. Fish and Wildlife Service, personal communication).  Trap was checked daily 
throughout the season which extended from approximately April through October 
annually; wherein live-box mortalities from trapping efforts were salvaged during the 
latter part of the migration season to obtain otoliths for microstructural studies (Figure 1).   

All salvaged juvenile Chinook salmon mortalities (n = 66) were immediately frozen upon 
collection to avoid any surface degradation of otoliths by crews from the Karuk Tribe’s 
Natural Resources Department and those from the Salmon River Restoration Council. 

Methods 

Otolith preparation and analysis 

Sagittal otoliths were extracted from the juvenile Chinook salmon mortalities by the 
‘open-the-hatch’ method as described in Secor et al. (1991).  After extraction, otoliths 
were cleaned and dried using ambient air temperature before obtaining their weights 
(nearest 0.00001 grams) and lengths (nearest 0.1 millimeters).  Otoliths were then 
embedded separately in polyester resin before being mounted on a glass slide with 
thermoplastic cement.  After otoliths had been mounted on glass slides, the excess resin 
above the surface of the otolith was cut off using a low speed saw.  Otoliths were then 
lapped on both sides with a lapping wheel until the primordial region was exposed. 

Otolith increments and checks were marked beyond the core region of the otolith to the 
edge of the otolith on a preferred measurement angle of 73° (+ 3º) radiating from a 
transect line that begins at the otolith rostrum proceeding distally through a predetermined 
nucleus to the otolith postrostrum (see Figure 2 for otolith diagram).  Analyzed otolith 
regions included the following areas: 1) core to beginning of developmental check, 2) 
developmental check, and 3) end of developmental check to otolith edge.  These areas are 
referred to as ‘regions’ for the purpose of this study (Figure 3).  All linear measurements 
on otolith samples were recorded and input to a database.  All samples were analyzed 
twice with a lapse of three weeks between analyses to avoid reader bias as the same reader 
conducted both analyses. 

Identification and enumeration of spring Chinook salmon from screw trap samples 

Prepared otolith samples were visually examined for incremental patterns and checks 
associated with the natal portion of the otolith using a transmitted light microscope 
interfaced with a video camera and a computer equipped with image analysis software.  
For purposes of this investigation, the natal portion of the otolith included the area of the 
otolith prior to and including the developmental check region (DC) since increment 
deposition in this portion of the otolith occur during intragravel development.  The 
developmental check region is the area of the otolith located between the hatch and 
emergence checks (width).  This area denotes the developmental life stage of the fish and 
the associated incubational thermal regimes that are site specific.  



 
Figure 1.  Map of Salmon River rotary screw trap site located in northwestern California.
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Figure 2.  Diagram of a sagittal otolith from a generalized teleost fish (from Cailliet et al. 
1986). 

 

 
Figure 3.  Developmental check sequence of an otolith extracted from a juvenile Chinook 
salmon originating in the Salmon River sub-basin, CA in 2004. 

 

 

During visual examination of the collected Salmon River screw trap samples, individual 
otolith samples were grouped by similarities in appearance.  Descriptions of the 
microstructural patterns for each group of otolith samples were then recorded and 
compared to a previous documented description of the developmental check region of 
juvenile Salmon River spring Chinook salmon (Sartori 2005).   

Upon completion of the visual analysis, linear measurements of the developmental check 
regions of all viable Salmon River screw trap otolith samples were taken and recorded to a 
database.  A database query was then performed on linear distances of the developmental 
check regions of the screw trap otolith samples (distance from otolith core and the width of 
the developmental check region) to identify the samples that had similar developmental 
check measurements by using the range of the developmental check measurements found 
in the otolith samples previously identified as Salmon River spring Chinook salmon 
(Sartori 2005).  Results of this comparative database query was documented, recorded and 
compared to the results of the visual examination of the screw trap samples. 

All samples were visually analyzed twice with a lapse of three weeks between analyses to 
avoid reader bias as the same reader conducted both visual examinations. 
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Identification of hatch and emergence checkmarks 

Hatch checkmarks of salmonids usually appear in the form of a very dark band or 
structural discontinuity from previous increments.  An emergence checkmark occurs prior 
to a transitional area from broad or indistinct increments of the post-hatch alevin to the 
well-defined daily incremental banding of emergent fry (Volk et al. 1995). 

Prepared otolith samples were visually examined using a transmitted light microscope 
interfaced with a video camera and a computer equipped image analysis system to 
determine the appearance of the hatch and emergence checkmarks that occur in the natal 
portion of the otolith.  During visual examination of all viable otolith samples collected at 
the Salmon River trap site, the hatch check was identified as a distinct dark band followed 
by a distinct light band that was located beyond the core region of the otolith samples, but 
preceded an area of broad or indistinct increments that is representative of otolith 
increments found on post-hatch alevin (Volk et al. 1995).  Consequently, the emergence 
check was identified as a series of three dark bands separated by two lighter bands that 
represented a transitional area from the broad or indistinct increments of the post-hatch 
alevin to the well defined daily incremental banding of emergent fry.  Figure 3 shows the 
identified hatch and emergence checks located on all Salmon River trap otolith samples. 

On conclusion of the visual examination, linear measurements were taken from a 
consistently prominent nucleus located in the core region of all usable otolith samples 
outward to the visually identified hatch and emergence checkmarks along a specific radial 
angle.  All measurements were recorded and input to a database. 

Freshwater residency and growth rates 

To estimate freshwater residency and associated growth rates, it was necessary to first 
establish a relationship between the fish fork length and the otolith radius.  Once the 
relationship was established, otolith increments were manually marked from the end of the 
core region of the otolith to the edge of the otolith using a transmitted light microscope 
interfaced with a video camera and a computer equipped with image analysis software.  
Measurements included distances between ends of core region to hatch check, hatch check 
to emergence check, emergence check to edge of otolith, and between individual otolith 
increments. 

Assuming one otolith increment represents one day and counting the number of 
increments in the freshwater portion of the otolith, it is possible to estimate the number of 
days an individual fish had resided in the Salmon River prior to collection at the trap site.  
By estimating the fork length of individual fish samples when they emerged using the 
model generated by regressing fish length to otolith length, and subtracting this estimate 
from the measured fork length at time of collection, it is possible to estimate the amount 
individual fish grew in length while rearing in the Salmon River before being collected at 
the trap site.  By dividing the estimated amount of growth by the number of days residing 
in the Salmon River yields a growth rate (mm/day) for individual fish.   

Data analysis 

To establish the relationship between fish length and otolith radius, simple linear 
regression was applied to regress fish fork lengths (mm) against corresponding otolith 
radii (µm).  Assuming that otolith increment deposition is daily, the fish fork length:otolith 
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radius model generated from the linear regression, and linear measurements of specific 
otolith characteristics such as hatch check, emergence check, incremental widths, etc.; it is 
possible to obtain an estimation of size and growth rates of individual fish for specific life 
history events such as hatch and emergence, specific daily age, or habitat transitions.   

By counting the increments from the emergence check outward to the edge of the otolith 
and assuming that increments are deposited daily, an estimate of daily age and freshwater 
residency of the collected juvenile Chinook salmon samples is accomplished if the fish 
was collected in freshwater.  Furthermore, by inputting the linear distance of the 
emergence check from the otolith core to the fish length:otolith length model to obtain an 
estimate of fish length at emergence; the resulting fish length estimate is subtracted from 
the fish length at collection to estimate amount of growth from emergence to time of 
collection.  To estimate daily growth rates per fish, the estimated amount of growth post-
emergence to the edge of the otolith (time of collection) is divided by the number of 
increments encompassed in this area which yields a growth rate (mm/day) for freshwater 
residency as the fish used in this study were collected as juvenile migrants in freshwater.   

To test for difference in linear distance of the developmental check region in terms of 
distance from otolith core and width on all grouped screw trap otolith samples (grouped by 
microstructural pattern), an independent t-test (Murphy and Willis 1996) was conducted 
using the following equation: 
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where t = statistical difference between two sample means, y = sample means, s2 = sample 
variances, and n = sample sizes.  This test was also applied between any group of screw 
trap otolith samples that displayed similar developmental check distances and widths to a 
previous collection of otolith samples collected from known spring Chinook salmon 
spawning grounds of the Salmon River (Sartori 2005).   

 
To determine if there was a significant change in growth rates during residency in the 
freshwater rearing habitat of the Salmon River for individual fish collected in the screw 
trap, a paired t-test was performed on specific growth rates of otolith incremental regions 
of individual fish (Murphy and Willis 1996) as using the equation: 
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where t = statistical difference between two samples of paired data (growth rates), d  = the 
point estimate of the mean difference, dμ  is the hypothesized mean difference of 0, = 
standard deviation, and n = sample size.
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Results 

Identification and enumeration of spring Chinook salmon from screw trap samples 

Of the total 66 juvenile Chinook salmon live-box mortalities salvaged from the Salmon 
River rotary screw trap site between the years of 2003 to 2005, 58 otolith samples were 
viable for this investigation (Table 1).  Eight otolith samples were not used due to one or 
more of the following circumstances: unacceptable radial angle, abnormal crystalline 
formation of otolith, uneven microstructural growth patterns along radial angle, loss of 
part or whole otolith, or poor sample preparation. 

Visual examination of the 58 otolith samples collected from the screw trap resulted in 
identification of two distinct developmental check patterns.  Qualitative corroboration of 
the visible separation of two distinct developmental check patterns of the trap samples was 
accomplished by overlaying a sub-sample (n = 15 for each developmental check pattern) 
of one developmental check pattern over the other developmental check pattern using an 
image analysis system.  The overlay of one developmental check pattern over the other 
developmental check pattern resulted in a visible difference in the distance from the otolith 
core and in width.   

By using the overlay method and a sub-sample of a previously identified Salmon River 
spring Chinook salmon developmental check pattern (Sartori 2005), one screw trap 
developmental check pattern resulted as having the same developmental check pattern as 
the Salmon River spring Chinook salmon one.  The number of screw trap samples 
exhibiting the Salmon River spring Chinook salmon developmental check pattern was a 
total of 18 otolith samples.  To determine if the screw trap otolith samples were 
significantly different from each other and from the previously identified Salmon River 
spring Chinook salmon otolith samples, independent sample t-tests and ‘analysis of 
variance’ tests (ANOVA’s) were conducted on linear measurements of all usable otolith 
samples. 

 

 

Table 1.  Number of otoliths collected from juvenile Chinook salmon sampled from a 
rotary screw trap located 1.5 rkm upriver from the confluence of the Salmon River and 
the Klamath River, Ca.   

Sample 
Year 

No. of 
Otoliths 

Collected

No. of 
Otoliths 
Usable 

Range of Dates 

2003 10 8 8/29/2003 
2004 32 27 06/07/2004-09/15/2004 
2005 27 23 09/27/2005-10/03/2005 

14 



The linear measurement comparison of the developmental check region of the 18 otolith 
samples that exhibited the Salmon River spring Chinook salmon developmental check 
pattern resulted in no significant difference in distance from the otolith core region and in 
the width of the developmental check region between the screw trap otolith samples 
independent of year (ANOVA, F 2, 15 = 0.08, p = 0.92; and F 2, 15 = 0.78, p = 0.47 
respectively).  Annual mean linear otolith region distances and widths of developmental 
check regions representing the screw trap samples that were visibly similar to the Salmon 
River spring Chinook salmon developmental check regions are listed in Table 2.   

When comparing the mean developmental check region linear measurements of the trap 
samples (n = 18) that were visibly similar to a previously identified Salmon River spring 
Chinook salmon otolith developmental check pattern (n = 91) using an independent 
sample t-test, there was no significant difference in linear distance from the core region or 
in the developmental check regional width (t 107 = 0.39, p = 0.35; and t 107 = 0.58, p = 0.29, 
respectively).  Table 3 summarizes mean linear distances from core region and widths of 
the developmental check regions found in the otolith samples collected from the Salmon 
River trap site and from known spring Chinook salmon spawning grounds. 

The remaining otolith samples (n = 40) collected for this study shared a specific 
developmental check pattern that was visibly dissimilar to the developmental check region 
of the spring Chinook salmon otolith samples.  Although the hatch and emergence checks 
were similar in appearance to the identified spring Chinook salmon otolith samples, the 
linear distance of the developmental check region from the core region and the 
developmental check width appeared different (Figure 4).  Comparison of the two different 
developmental check regions represented in the trap otolith samples resulted in a 
significant difference in the linear distance from the core region and in width (t 56 = -7.42, 
p < 0.00; and t 56 = 32.95, p < 0.00, respectively).  Table 4 summarizes mean linear 
developmental check distances from otolith core and the developmental check widths of 
the two representative Salmon River trap otolith developmental check patterns. 

 

 

Table 2.  Summary of mean linear distances of the developmental check region (DC) 
from the otolith core (C) and the DC width on all otolith samples collected from the 
Salmon River rotary screw trap that displayed the Salmon River spring Chinook salmon 
(SRSP) developmental check pattern. 

Year Otolith Region Mean (µm) SE (µm) n 

     
2003 C to DC 60.77 2.73 

 DC 87.73 0.63 3 

     
2004 C to DC 59.65 1.49 

 DC 88.54 0.34 10 

     
2005 C to DC 59.50 2.11 

 DC 88.65 0.48 5 
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Table 3.  Summary of mean linear distances of the developmental check region (DC) 
from the otolith core (C) and the DC width of otolith samples collected from the Salmon 
River screw trap that displayed the same developmental check pattern as otolith samples 
collected from known Salmon River spring Chinook salmon spawning grounds.   

Site Otolith region Mean 
(µm) SD (µm) n 

     
Spawning grounds C to DC 60.15 3.27 

 DC 88.63 1.37 91 

     
Rotary screw trap C to DC 59.80 4.46 

 DC 88.43 1.07 18 

 

 

 
Figure 4.  Representative developmental check regions of otoliths from juvenile Chinook 
salmon salvaged from the Salmon River rotary screw trap in 2004.  (A) Shows the 
developmental check region displayed by Salmon River spring Chinook salmon and (B) 
shows the developmental check region of an unspecified Salmon River Chinook salmon 
stock. 

 

Although the developmental check region on 40 of the otolith study samples collected at 
the Salmon River trap site was significantly different from that of the other 18 otolith 
samples which displayed a similar developmental check region to that of a previously 
identified spring Chinook salmon developmental check (Sartori 2005), there was no 
significant difference among the 40 samples in linear distance from the otolith core or in 
width between sample years (ANOVA, F 2, 37 = 0.21, p = 0.81; and F 2, 37 = 0.13, p = 0.88, 
respectively).  Annual mean linear otolith regions distances and width of the screw trap 
samples that were not identified as having the developmental check pattern of the 
previously identified Salmon River spring Chinook salmon are listed in Table 5 as ‘SR-A’; 
whereas the Salmon River spring Chinook salmon otolith samples are listed as ‘SRSP’.

16 



Table 4.  Mean linear distances of the developmental check region (DC) from the otolith 
core (C) and the DC width on identified juvenile spring Chinook salmon otolith samples 
(SRSP) and unspecified juvenile Chinook salmon otolith samples (SR-A) collected from 
the Salmon River rotary screw trap.  Otolith samples represent collection years 2003-
2005. 

Site Otolith pattern Otolith region Mean (µm) SD (µm) n 

      
Salmon River screw trap SRSP C to DC 59.80 4.46 

  DC 88.44 1.07 
18 

      

 SR-A C to DC 75.67 8.54 

  DC 65.76 2.82 
40 

 

 

Table 5.  Mean linear distances of the developmental check region (DC) from the otolith 
core (C) and the DC width on all unspecified Salmon River juvenile Chinook salmon 
otolith samples. 

Year Otolith Region Mean (µm) SE (µm) n 

     
2003 C to DC 76.47 3.90 

 DC 65.23 1.29 5 

     
2004 C to DC 74.63 2.11 

 DC 65.95 0.70 17 

     
2005 C to DC 76.43 2.05 

 DC 65.73 0.68 18 

 

 

Since there are no documented baseline Salmon River juvenile Chinook salmon otolith 
samples that display the same developmental check pattern as the 40 screw trap samples, 
the specific origin of these samples remain unknown. 

Freshwater residency and growth rates 
Fish fork length was correlated with corresponding otolith radii (Figure 5, r = 0.88, n = 58) 
and was used in conjunction with the assumption that otolith increment deposition was 
daily to estimate freshwater residency and associated growth rates.  Overall mean 
freshwater residency was estimated to be 136 days + 31 days with an overall mean growth 
rate of 0.23mm/day + 0.09 mm/day.

17 



y = 0.12x + 8.96
r = 0.88
n = 58

40

50

60

70

80

90

100

110

300.00 350.00 400.00 450.00 500.00 550.00 600.00 650.00 700.00 750.00 800.00

Otolith radius (µm)

Fo
rk

 le
ng

th
 (m

m
)

 
Figure 5.  Relationship between fish fork length (mm) and otolith radius (µm) of juvenile 
Chinook salmon collected from the Salmon River rotary screw trap site between the years 
2003-2005. 
 

 

Incremental widths normally associated with freshwater generally average < 3 µm in width 
(Neilson et al. 1985, Beamer et al. 2000) for juvenile Chinook salmon.  However, during 
visual analyses of the otolith samples used in this study, there was an observed increase in 
incremental width (Figure 6) on 57 of the 58 otolith samples which indicated a change in 
the freshwater growth rate.  Linear measurements of these areas of observed increased 
incremental widths supported the visual observations.  The mean incremental widths 
changed from a typical (< 3 µm) freshwater mean incremental width of 2.48 µm + 0.16 
µm to an atypical (> 3 µm) freshwater mean incremental width of 3.38µm + 0.18 µm per 
individual fish.  The associated growth rate for this group of increased incremental widths 
was 0.39 mm/day + 0.02 mm and the residency period represented by the increased 
incremental widths was approximately 25 days.  The mean overall fork length of fish at 
the beginning of the increased incremental width otolith area was approximately 58 mm + 
8 mm and was approximately 68 mm + 10 mm at the end of the increased incremental 
width otolith area.  The mean growth rate for this area of increased incremental width was 
approximately 0.39 mm/day + 0.02 mm which was dissimilar to the mean growth rate of 
approximately 0.22 mm/day + 0.09 mm for the other post-emergent otolith increments.  
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Figure 6.  Representative otolith sample collected from the Salmon River rotary screw trap 
displaying an area of increased incremental widths located beyond the emergence check 
(E) and prior to the edge of the otolith (i.e. time of collection). 

 

 

Results of a paired t-test indicated that there was a significant difference between the 
typical freshwater incremental widths and the atypical freshwater incremental widths (t 56 
= 13.44, n = 57, p<0.00). 

Only otolith samples with more than 10 consecutive sequential increments that displayed 
atypical freshwater incremental widths were used to determine the amount of change in 
width and ultimately the amount of change in growth rates per individual fish.  Assuming 
that incremental deposition is daily, incremental counts > 10 indicated that migrating 
juvenile Chinook salmon had settled in a particular area of the river longer than a week 
before resuming migration to the estuary and/or ocean.  Table 6 summarizes the overall 
mean residency times and associated growth rates for the different types of freshwater 
growth increments (typical and atypical). 

Identification of hatch and emergence checkmarks 

Although similar hatch and emergence checkmarks were identified on all trap samples, the 
location of the hatch check was found to be pattern-selective.  Mean linear distance 
between the hatch check and the end of the core region for otolith samples exhibiting the 
same developmental check pattern as the Salmon River spring Chinook salmon 
developmental check pattern was 60.15 µm + 3.27 µm; whereas the mean linear distance 
between the hatch check and the end of the core region for the other identified 
developmental check pattern of the screw trap samples was 75.67 µm + 8.54 µm.  Results 
of a two sample t-test indicated there was a significant difference between the two 
developmental check patterns identified in the screw trap samples in terms of the overall 
mean linear hatch check distance from the core region (t 56 = -7.42, p < 0.00) and the 
overall mean linear distance of the emergence check from the core region (t 56 = 3.07, p < 
0.00). 
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Table 6.  Overall mean freshwater residency and associated growth rates categorized by 
type of freshwater otolith increment for all juvenile Chinook salmon otolith samples 
collected during the secondary migration peak of the Salmon River, CA between the 
years 2003-2005. 

Site n 
Freshwater 
increment 
category 

Mean increment 
width (µm) + SD 

Mean increment 
count + SD 

Mean growth 
rate/day (mm) + 

SD 
Salmon 

River trap 
site 57 Typical 2.49 + 0.16 112 + 28 0.23 + 0.09 

      

  Atypical 3.38 + 0.19 25 + 10 0.39 + 0.02 

 

 

Discussion 
Variation in temperature and growth can produce otolith increment patterns that are stock 
specific, provided the stock incubated under a distinctive thermal regime (Zhang et al. 
1995, Volk et al. 1996, Quinn et al. 1999).  The resulting increment pattern is specific to 
the thermal regime under which embryonic and alevin development occurred (Quinn et al. 
1999).  In this study, the developmental check region encompassed the area between the 
hatch check and the emergence check which were included as part of the check region.  
Visual examinations of the prepared Chinook salmon otolith samples salvaged from the 
Salmon River rotary screw trap indicated two distinct developmental check patterns.  One 
particular developmental check pattern was more prevalent than the other during the visual 
examinations and was not similar in distance from core region and width in comparison to 
the known Salmon River spring Chinook salmon developmental check pattern when 
compared using an independent sample t-test.   

The predominant developmental check pattern (69% of total sample size) had no previous 
juvenile spawning-ground baseline data and so was arbitrarily given a misnomer of ‘SR-
A’ to indicate an unidentified Chinook salmon stock, whereas the remaining 31% otolith 
samples were identified as having a Salmon River spring Chinook salmon developmental 
check microstructural pattern (‘SRSP’).  As the Salmon River supports both fall- and 
spring-run Chinook salmon, the ‘SR-A’ otolith samples may possibly be representative of 
Salmon River fall Chinook salmon; although this is a best-guess scenario since there is no 
juvenile baseline data to support this theory.  Both Salmon River developmental check 
patterns were visually different from other collected Klamath River basin juvenile 
Chinook salmon otolith samples.  The other Klamath River basin sites included Iron Gate 
hatchery, Trinity River hatchery, and the upper Trinity River mainstem near the Trinity 
River hatchery (Figures 7-9).  The visual differences among the otolith collections suggest 
that the developmental thermal regimes varied between collection sites. 

The Salmon River spring Chinook salmon are known to spawn in the North- and South-
Forks of the river, but not in the mainstem portion of the river, whereas the fall-run 
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Figure 7.  Image of otolith microstructural pattern representative of fall Chinook salmon 
from Iron Gate Hatchery located in Siskiyou County, CA.  Note the prominent band 
surrounding the core region which differentiates this particular pattern from other 
Klamath Basin patterns sampled thus far. 
 

 

 
Figure 8.  Image of otolith microstructural pattern representative of fall Chinook salmon 
from the Trinity River Hatchery located in Trinity County, CA.  Note the five prominent 
bands occurring prior to the hatch check.   
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Figure 9.  Image of an otolith microstructural pattern of a Chinook salmon sampled from 
upper Trinity River mainstem located in Trinity County, CA.  Note the four prominent 
bands post hatch check.   
 

 

Chinook salmon is known to only spawn in the river’s mainstem and lower tributaries (P. 
Brucker and N. Pennington, Salmon River Restoration Council, personal communication).  
Once emergence occurs, rearing and emigration of both fall-and spring-run Chinook 
salmon occur during the same time periods (Table 7) which makes it possible to have both 
runs migrating through the trap site in the same time frame.  Without recorded intra-gravel 
thermal regimes of known fall- and spring-run Chinook salmon incubational sites, any 
identification of fall- and spring-run Chinook salmon originating in the Salmon River sub-
basin is preliminary until such data is available to correlate otolith natal microstructure to 
site specific thermal regimes. 

Comparative results between the developmental check patterns of previously identified 
spring Chinook salmon otolith samples and developmental check patterns of otolith 
samples salvaged from the trap site exhibiting similar developmental check patterns of the 
spring Chinook salmon were not significantly different in either distance from the otolith 
core region or in width.  This would suggest that all the screw trap otolith samples that 
displayed the similar developmental check region as the otolith samples collected from 
known Salmon River spring Chinook salmon spawning grounds were affected by similar 
incubational thermal regimes.
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Table 7.  Salmon River, CA life stage periodicity table for Chinook salmon.  Table is 
courtesy of the Natural Resources Department of the Karuk Tribe.   

Species/Life Stage Run Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

              
Redd construction Spring         X X   

 Fall          X X  
              

Egg incubation/fry 
emergence 

Spring X X X X X    X X X X 

 Fall X X X X X     X X X 
              

Fry rearing (up to 50 
mm) 

Spring    X X X X      

 Fall    X X X X      
              

Juvenile YOY 
rearing (>50 mm) 

Spring    X X X X X X X X X 

 Fall    X X X X X X X X X 
              

Juvenile yearling 
rearing (>50 mm) 

Spring X X X          

 Fall X X X          
              

Juvenile emigration 
(>50 mm) 

Spring X X X X X X X X X X X X 

 Fall X X X X X X X X X X X X 
 

One consistent similarity for all otolith samples salvaged from the trap site during the 
secondary migration peak, regardless of possible run-type, was an area of sequential post-
emergent increments that had dramatically increased in width from other post-emergent 
increments prior to otolith collection.  One otolith sample was not used in this portion of 
the analysis due to the small number of increments in this particular area of the otolith (n 
<10).  This area of increased incremental width suggests an increase in fish growth since it 
is generally accepted that otolith increment width is an indicator of fish growth if fish 
length is correlated to otolith diameter (Volk et al. 1984, Thorrold and Williams 1989).    
For this investigation, there was a positive correlation between fish fork length to otolith 
radius (r = 0.88). 

The increase of freshwater otolith incremental widths from a mean of 2.49 µm to a mean 
of 3.38 µm is typically seen in habitat areas just prior to an estuarine habitat (Beamer et al. 
2000) which is different from the location of the Salmon River trap site from which the 
otolith samples were obtained.  In the study conducted by Beamer et al., the habitat just 
prior to the Skagit River estuary exhibited mean incremental widths of 3.68 µm + 0.49 µm 
which was dissimilar to the mean freshwater increments found on the same Skagit River 
otoliths (2.31 µm + 0.10 µm).  One possible explanation for this increased freshwater 
incremental width anomaly is a transition from an unfavorable freshwater habitat to a 
habitat which encompassed environmental variables more favorable to fish growth.  
Habitat variables such as optimum water temperatures, low population densities, and an 
abundance of prey would facilitate increased fish growth that would be represented by 
increased otolith incremental widths (Neilson et al. 1985).   
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Otolith microstructure of collected emigrating Salmon River juvenile Chinook salmon 
indicated an overall mean residency of approximately 25 days in the proposed “optimal 
freshwater habitat” with a calculated mean increase in fish fork length of 10mm.  This 
increase in growth during the residency period in the proposed freshwater habitat suggests 
that environmental conditions were conducive to fish growth as indicated by the change in 
otolith incremental widths.  To understand why fish reside in the proposed habitat instead 
of continuing migration to the estuary and/or ocean, an examination of riverine conditions 
should be examined.   

Salmon River juvenile Chinook salmon migrating to the estuary and/or ocean must first 
transition from the Salmon River into the Klamath River during the months from April to 
October.  As the otolith samples collected for this study only reflect the latter months of 
the migration season (approximately August through October), only the riverine conditions 
during those months will be discussed.  Personal communication with T. Soto, Department 
of Natural Resources of the Karuk Tribe, and N. Pennington, Salmon River Restoration 
Council; indicated that poor water quality conditions existed in the Klamath River prior to 
the secondary migration peak between the years 2003-2005 such as increased water 
temperatures and an increase in algal concentrations.  If the water quality conditions were 
an impediment to juvenile Salmon River Chinook salmon transitioning to the Klamath 
River, a possibility of the fish remaining in the Salmon River until water quality conditions 
improved may have existed.  Accordingly, there was no visible checkmark that may have 
associated a transition from the Salmon River to the Klamath River found on any of the 
otolith samples used in this study.  Without a visible checkmark on the otoliths denoting a 
transition from the Salmon River to the Klamath River, any increase in incremental widths 
would be assumed to have occurred in the Salmon River.   

This report identified the number of juvenile spring Chinook salmon of the total sample 
group collected from the live-box of the Salmon River rotary screw trap during the 
secondary migration peak between the years 2003-2005 based on otolith microstructure.  
Other otolith characteristics identified were freshwater residency rates, growth rates, and 
specific life-history microstructural checks.  However, results of this study were limited 
due to annual and overall small sample sizes, absence of otolith samples representing the 
primary peak of emigrating juvenile Chinook salmon, and absence of baseline fall 
Chinook salmon natal spawning ground data.  Additional studies are needed to confirm 
specific natal microstructural signatures of spring and fall Chinook salmon stocks of the 
Salmon River, including: 1) otolith studies on fall-run Chinook salmon fry otoliths 
collected from known spawning grounds in the Salmon River sub-basin, 2) otolith studies 
of spring and fall Chinook salmon adults from spawning grounds in the Salmon River sub-
basin, 3) identification of the relationship between incubational thermal regimes of known 
spring and fall Chinook salmon natal grounds and associated otolith microstructural 
pattern, 4) genetic analyses of identified spring and fall Chinook salmon derived from 
otolith microstructure, and 5) a comparative study of spring Chinook salmon fry otolith 
microstructure from the Salmon River to microstructure of other river systems outside the 
Klamath Basin. 
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Date Reach

Redd 
#

Redds 
Observ

ed

# of fish 
on redd

% 
Canopy 

Over 
Redd

Instream Cover 
(none, wood, 
boulder, white 

water, undercut 
ledge, pool)

Proximity 
to 

instream 
cover in ft.

9/21/2006 Petersburg- East Fork 1 1 0 50 None 2

9/21/2006 Blindhorse - Petersburg 1 1 75 None -
9/21/2006 Blindhorse - Petersburg 2 4 0 pool/pool 25
9/21/2006 Blindhorse - Petersburg 3 3 5 pool/ white water 20/25
9/21/2006 Blindhorse - Petersburg 4 4 0 5 pool 30

9/21/2006 Cecil - Limestone 1 1 0 0 none n/a

9/21/2006 Georges - Confluence 0 0 0 n/a n/a n/a

9/21/2006 Little South Fork - Grizzly 1 0 0 white water 10
9/21/2006 Little South Fork - Grizzly 2 0 0 pool/ ledge 40
9/21/2006 Little South Fork - Grizzly 3 0 60 pool/ ledge 50
9/21/2006 Little South Fork - Grizzly 4 0 30 pool/ ledge 55
9/21/2006 Little South Fork - Grizzly 5 0 75 pool/ white water 75
9/21/2006 Little South Fork - Grizzly 6 1 0 pool 30
9/21/2006 Little South Fork - Grizzly 7 1 0 boulder/ white water 25
9/21/2006 Little South Fork - Grizzly 8 1 0 pool/ledge 25
9/21/2006 Little South Fork - Grizzly 9 1 0 pool/ledge 35
9/21/2006 Little South Fork - Grizzly 10 10 0 10 boulder/ white water 30

9/21/2006 East fork - Cecil Creek 1 1 35 undercut ledge 1 / zero
9/21/2006 East fork - Cecil Creek 2 1 15 none 0
9/21/2006 East fork - Cecil Creek 3 3 0 30 white water/ pool 15/35

9/27/2006 Cecilville - French 1 1 10 pool 40
9/27/2006 Cecilville - French 2 1 10 pool 30
9/27/2006 Cecilville - French 3 3 0 5 wood 10

9/28/2006 E. Fork - Cecil Creek 1 0 50 wood, ledge 5
9/28/2006 E. Fork - Cecil Creek 2 0 5 none N/A
9/28/2006 E. Fork - Cecil Creek 3 3 0 30 none N/A

9/28/2006 Limestone - Smith Creek 1 0 5 rock/ log/ bubbles 40
9/28/2006 Limestone - Smith Creek 2 0 5 rock/ log/ bubbles 40
9/28/2006 Limestone - Smith Creek 3 0 5 rock/ log/ bubbles 40
9/28/2006 Limestone - Smith Creek 4 0 5 rock/ log/ bubbles 40
9/28/2006 Limestone - Smith Creek 5 0 20 none n/a
9/28/2006 Limestone - Smith Creek 6 1 35 rock  10
9/28/2006 Limestone - Smith Creek 7 0 35 rock 5
9/28/2006 Limestone - Smith Creek 8 0 3 white water 10
9/28/2006 Limestone - Smith Creek 9 1 45 pool 30
9/28/2006 Limestone - Smith Creek 10 1 45 pool 20
9/28/2006 Limestone - Smith Creek 11 0 35 white water/pool 15-20
9/28/2006 Limestone - Smith Creek 12 1 30 pool 30+
9/28/2006 Limestone - Smith Creek 13 1 20 pool 30+



t
t
t
t

9/28/2006 Limestone - Smith Creek 14 0 50 pool 40
9/28/2006 Limestone - Smith Creek 15 15 0 5 pool 50

9/28/2006 Little Grizzly - Blindhorse 1 0 5 undercut ledge 20
9/28/2006 Little Grizzly - Blindhorse 2 0 10 none --
9/28/2006 Little Grizzly - Blindhorse 3 0 20 whitewater 12
9/28/2006 Little Grizzly - Blindhorse 4 3 40 pool 24
9/28/2006 Little Grizzly - Blindhorse 5 1 15 undercut ledge 30
9/28/2006 Little Grizzly - Blindhorse 6 2 35 pool 18
9/28/2006 Little Grizzly - Blindhorse 7 0 65 none --
9/28/2006 Little Grizzly - Blindhorse 8 2 60 none --
9/28/2006 Little Grizzly - Blindhorse 9 1 50 none --
9/28/2006 Little Grizzly - Blindhorse 10 0 0 pool 20
9/28/2006 Little Grizzly - Blindhorse 11 11 0 10 whitewater 10

9/28/2006 Georges - East Fork 1 1 2 90 wood, undercut ledg 30

9/28/2006 Blindhorse - Petersburg 1 3 10 pool/ w. water 30
9/28/2006 Blindhorse - Petersburg 2 2 75 pool 30
9/28/2006 Blindhorse - Petersburg 3 5 0 pool 10
9/28/2006 Blindhorse - Petersburg 4 1 10 pool/ w. water 10
9/28/2006 Blindhorse - Petersburg 5 2 0 pool 30
9/28/2006 Blindhorse - Petersburg 6 1 0 pool 20
9/28/2006 Blindhorse - Petersburg 7 3 0 pool 35
9/28/2006 Blindhorse - Petersburg 8 1 5 pool 50
9/28/2006 Blindhorse - Petersburg 9 9 1 0 pool 30

9/28/2006 Petersburg - East Fork 1 2 10 none 15
9/28/2006 Petersburg - East Fork 2 1 10 none 3
9/28/2006 Petersburg - East Fork 3 0 60 disturbance wh. Wa 0.5
9/28/2006 Petersburg - East Fork 4 2 5 disturbance wh. Wa 0.5
9/28/2006 Petersburg - East Fork 5 1 25 disturbance wh. Wa 0.5
9/28/2006 Petersburg - East Fork 6 6 1 5 disturbance wh. Wa 3

10/3/2006 Little S. F. - blindhorse 1 0 0 pool 20
10/3/2006 Little S. F. - blindhorse 2 2 0 0 pool 40

10/4/2006 Idlewild - Whites gulch 1 1 40 pool 15
10/4/2006 Idlewild - Whites gulch 2 6 25 pool 15
10/4/2006 Idlewild - Whites gulch 3 0 25 pool 20
10/4/2006 Idlewild - Whites gulch 4 0 25 pool 25
10/4/2006 Idlewild - Whites gulch 5 1 30 pool 30
10/4/2006 Idlewild - Whites gulch 6 2 15 none n/a
10/4/2006 Idlewild - Whites gulch 7 1 40 none n/a
10/4/2006 Idlewild - Whites gulch 8 1 45 none n/a
10/4/2006 Idlewild - Whites gulch 9 9 2 20 pool 20

10/4/2006 Big Creek - Mule (I) 1 0 65 pool, terr. Veg 15
10/4/2006 Big Creek - Mule (I) 2 2 0 0 pool  15

10/4/2006 Mule Bridge - Idlewild 1 2 65 pool 30
10/4/2006 Mule Bridge - Idlewild 2 2 5 pool 40



10/4/2006 Mule Bridge - Idlewild 3 3 1 80 none n/a

10/5/2006 Petersburg - Eastfork 1 1 0 pool 5
10/5/2006 Petersburg - Eastfork 2 1 0 pool 15
10/5/2006 Petersburg - Eastfork 3 1 0 pool 15
10/5/2006 Petersburg - Eastfork 4 4 1 0 boulder/ wood 35

10/5/2006 East Fork 1 1 0 pool 20
10/5/2006 East Fork 2 6 0 pool 10
10/5/2006 East Fork 3 6 0 pool 10
10/5/2006 East Fork 4 4 1 60 pool 30

10/5/2006 Cecil - Limestone 1 0 90 none n/a
10/5/2006 Cecil - Limestone 2 1 90 wood 6
10/5/2006 Cecil - Limestone 3 4 10 boulder pool 3
10/5/2006 Cecil - Limestone 4 2 20 pool wood/ boulder 3
10/5/2006 Cecil - Limestone 5 0 75 undercut ledge 10
10/5/2006 Cecil - Limestone 6 1 90 undercut ledge 8
10/5/2006 Cecil - Limestone 7 0 0 boulder  10
10/5/2006 Cecil - Limestone 8 0 100 undercut ledge 8
10/5/2006 Cecil - Limestone 9 1 80 undercut ledge 4
10/5/2006 Cecil - Limestone 10 6 80 wood 1
10/5/2006 Cecil - Limestone 11 0 20 wood 2
10/5/2006 Cecil - Limestone 12 0 70 willow wood 0
10/5/2006 Cecil - Limestone 13 1 10 grass 4
10/5/2006 Cecil - Limestone 14 1 80 undercut ledge 3
10/5/2006 Cecil - Limestone 15 2 20 pool wood/ boulder 30
10/5/2006 Cecil - Limestone 16 6 100 undercut ledge 8
10/5/2006 Cecil - Limestone 17 17 2 90 grass 4

10/5/2006 East fork to Cecilville 1 0 0 None 0
10/5/2006 East fork to Cecilville 2 2 0 undercut ledge 5
10/5/2006 East fork to Cecilville 3 3 0 30 dead trees 20

10/5/2006 Blindhorse - Petersburg 1 0 0 pool 30
10/5/2006 Blindhorse - Petersburg 2 1 0 pool 30
10/5/2006 Blindhorse - Petersburg 3 0 40 pool 29
10/5/2006 Blindhorse - Petersburg 4 0 20 pool 49
10/5/2006 Blindhorse - Petersburg 5 5 0 0 pool 15

10/10/2006 Blindhorse - Petersburg 1 0 10 none n/a
10/10/2006 Blindhorse - Petersburg 2 0 0 pool 5
10/10/2006 Blindhorse - Petersburg 3 3 0 5 pool 25

10/12/2006 East Fork Salmon R. 0 0 0 n/a n/a n/a

10/12/2006 East Fork - Cecil Creek 1 0 10 none n/a
10/12/2006 East Fork - Cecil Creek 2 3 40 white water and pool 10
10/12/2006 East Fork - Cecil Creek 3 0 0 pool 15
10/12/2006 East Fork - Cecil Creek 4 0 45 ledge/ boulder 15
10/12/2006 East Fork - Cecil Creek 5 0 55 ledge/ boulder 4
10/12/2006 East Fork - Cecil Creek 6 0 59 wood, willows 2



10/12/2006 East Fork - Cecil Creek 7 7 2 45 pool 15

10/12/2006 Petersburg - 5 5 2 20 ledge/ pool 50

10/12/2006 Smith - Matthews 5 5 0 40 0 N/A

10/12/2006 French - Smith 11 11 1 0 20 1

10/12/2006 Cecil - Limestone 4 4 1 75 w. water 8

10/12/2006 Little S. Fork - Blindhorse 0 0 0 N/A N/A N/A

10/12/2006 Blindhorse - Petersburg 3 3 1 10 none n/a

10/13/2006 Idlewild - Whites 1 1 2 50 white water/ pool 10ft/ 25 ft

10/13/2006 North Fork mile 16-16 3 3 4 0 boulder 2

10/13/2006 Sawyers Bar - Kelly Gl 3 3 3 15 none n/a

10/13/2006 Whites to 16 mile 3 3 0 0 none n/a

10/17/2006 Little South Fork - Blindhorse 1 0 0 w. water 20

10/12/2006 Petersburg - 1 2 20 Boulder 40
10/12/2006 Petersburg - 2 2 90 bank slightly undercu 10
10/12/2006 Petersburg - 3 0 0 none n/a
10/12/2006 Petersburg - 4 0 1 boulder, wood 6

10/12/2006 Smith - Matthews 1 0 0 0 N/A
10/12/2006 Smith - Matthews 2 0 0 0 N/A
10/12/2006 Smith - Matthews 3 0 0 0 N/A
10/12/2006 Smith - Matthews 4 0 0 0 N/A

10/12/2006 French - Smith 1 1 0 0 0
10/12/2006 French - Smith 2 0 20 0 20
10/12/2006 French - Smith 3 0 0 0 0
10/12/2006 French - Smith 4 0 0 0 0
10/12/2006 French - Smith 5 0 0 0 5
10/12/2006 French - Smith 6 0 0 0 0
10/12/2006 French - Smith 7 0 0 17 0
10/12/2006 French - Smith 8 1 0 0 1
10/12/2006 French - Smith 9 4 0 0 10
10/12/2006 French - Smith 10 0 0 0 10

10/12/2006 Cecil - Limestone 1 3 70 pool 50
10/12/2006 Cecil - Limestone 2 0 5 w. water 15
10/12/2006 Cecil - Limestone 3 6 0 w. water 40

10/12/2006 Blindhorse - Petersburg 1 0 20 none n/a
10/12/2006 Blindhorse - Petersburg 2 0 0 none n/a

10/13/2006 North Fork mile 16-14 1 1 0 boulder 1
10/13/2006 North Fork mile 16-15 2 0 0 boulder 3

10/13/2006 Sawyers Bar - Kelly Gl 1 0 5 pool 55
10/13/2006 Sawyers Bar - Kelly Gl 2 0 0 boulder 40

10/13/2006 Whites to 16 mile 1 0 0 Boulder 3
10/13/2006 Whites to 16 mile 2 0 0 Boulder 3



10/17/2006 Little South Fork - Blindhorse 2 2 0 0 pool 30

10/18/2006 Big Creek - Mule Bridge 0 0 0 n/a n/a n/a

10/18/2006 Mule Bridge - Idlewild 3 3 0 35 boulder 6

10/18/2006 Idlewild - Whites 6 6 0 0 pools 40

10/19/2006 Petersburg - Eastfork 3 3 1 20 n/a n/a

10/19/2006 East Fork 2 2 0 0 pool 20

10/19/2006 East Fork - Cecilville 5 5 0 40 undercut willows 10

10/19/2006 Cecil - Limestone 0 0 0 n/a n/a n/a

? 10/15 or 9/Smith Creek - Matthews 5 5 0 35 pool 40

553

16# of reaches:

10/18/2006 Mule Bridge - Idlewild 1 0 5 wood 8
10/18/2006 Mule Bridge - Idlewild 2 1 35 boulder 6

10/18/2006 Idlewild - Whites 1 0 1 none n/a
10/18/2006 Idlewild - Whites 2 0 0 pool 65
10/18/2006 Idlewild - Whites 3 0 5 pool, ledge 50
10/18/2006 Idlewild - Whites 4 0 20 pool, ledge 45
10/18/2006 Idlewild - Whites 5 0 10 pool, ledge 40

10/19/2006 Petersburg - Eastfork 1 0 40 pool 10
10/19/2006 Petersburg - Eastfork 2 0 45 pool 15

10/19/2006 East Fork 1 0 20 boulders 20

10/19/2006 East Fork - Cecilville 1 0 50 w. water 8
10/19/2006 East Fork - Cecilville 2 1 45 pool 20
10/19/2006 East Fork - Cecilville 3 0 45 pool 20
10/19/2006 East Fork - Cecilville 4 0 45 pool 20

? 10/15 or 9/Smith Creek - Matthews 1 0 5 undercuts + pool 15-20 / 50ft
? 10/15 or 9/Smith Creek - Matthews 2 1 40 pool 20
? 10/15 or 9/Smith Creek - Matthews 3 0 35 pool 40
? 10/15 or 9/Smith Creek - Matthews 4 0 35 pool 40

Total redds surveyed__________________________ 190
# spring Chinook observed on redds______________ 168
Total spring Chinook observed__________________

Miles surveyed:
Days Surveyed: 12
Total Surveys conducted (1 reach on 1 day = 1 survey) 44



e

 Enhanced
Y/N    

 
Habitat 
Type 
(pool, 

riffle, run,)

Spawning
Area 

Available 
(L x W)

 Spawning
Area Used

(L x W) 

 
 

G.P.S. 
Reference

#
 Comments:

total # of 
Spring 
Chinook

No top of Riffl 20x10 15x5 N/A pool above redd w/ 7 k.s., 2 sthd 13

No riffle 12x10 10x4 RB 1
no riffle 30x30 20x12 RB 2
no riffle 25x15 9x4 RB3
No riffle 50x30 12x6 RB4 24

no run 12x5 4x3 n/a 33

n/a n/a n/a n/a n/a 5

no run 30x3 15x3 RA 1 marginal; some cobble
no pool 9x5 9x5 RA 2
no run 9x4 9x4 RA 3 same habitat as redd #4
no run 8x4 8x5 RA 4
no run 17x4 7x4 RA 5
no pool 12x3 10x3 RA 6
no run 22x6 12x6 RA 7
no pool 25x6 12x6 RA 8 same habitat as redd #9
no run 25x6 10x5 RA 9
no run 16x4 8x4 RA 10 9

Yes run 20x10 8x4
No run 6x4 6x4
No riffle 7x3 7x3 8

No riffle 60x25 12x4 only made it to slightly past mile marker 17
no riffle 60x25 11x5
no riffle 60x20 11x4 16

no run 25x40 5x10 nice redd
no pool tailout 10x20 4x7
no riffle 19x5 12x5 5

No run 20x4 18x4 first four all together, not very nice redd
No run 20x4 18x4 not protected not defined
No run 20x4 18x4 all sideways - 1 lrg. Redd
No run 20x4 18x4
No riffle 4x3 3x3 small redd
No riffle 14x4 7x3
No riffle 14x4 7x4
No run 20x4 3x4
No riffle 20x20 10x3
No run 15x15 6x3
No pool/riffle 4x4 4x4
No run 7x5 5x3 out of flagging
No run 3x2 3x2



No run 20x20 10x5 maybe 2 redds
No run 15x15 5x3 5

No run 3x3 4x3 * recruitment of gravel at mouth of Little Grizzly unfinishe
No run 4x2 2.5x2
No run 8x3 3x3 deep
No pool 16x5 16x4 at horseshoe bend
No pool 3x3 2x1 small
No pool 12x5 5x3
No run 30x5 10x3
No run 30x5 6x4
No run 9x3 5x2
No pool 5x2 3x2
No run 5x3 4x3 21

no run 20x4 5x4 9

no run 30x20 18x8 RB 1
no riffle 16x7 15x5 RB 2
no tailout 25x15 12x5 RB 3
no run 15x5 15x5 RB 4
no run 40x18 10x5 RB 5
no run 10x4 10x4 RB 6
no riffle 40x30 10x6 RB 7
no riffle 35x15 12x5 RB 8
no riffle 30x20 9x5 RB 9 57

No riffle 50x15 8x3 RB 1
No riffle 50x15 5x3 RB 2
No riffle 10x4 10x4 RB 3
No run 10x3 8x3 RB 4
No riffle 20x10 8x3 (not enough satellites
No riffle 10x3 7x3 RB 5 saw an additional 10 spch 17

No run 60x30 15x6 RA 1
no run 60x30 20x5 RA 1 15

no run 5x10 5x8
no run 20x5 20x5 3 redds, 6 fish; nice pool
no run 20x5 20x5
no run 20x5 20x5
no run 8x10 6x7 8 lives in pool upstream
no riffle 5x6 5x5
no riffle 5x5 5x5
no riffle 5x7 5x7
no riffle 10x5 8x5 22

No pool 40x12 15x6 RI 1 more or less 99 ft
no pool 15x6 15x3 RI 2 redd not complete

No pool tail-ou 15x5 13x5 RJ 01 no GPS point
No run 35x20 15x8 RJ 02



p

No riffle 20x7 18x5 RJ 03 5

No tailout 20x10 12x8 RC 01
No pool tailout 25x20 8x4 RC 02
No riffle 25x25 20x10 RC 03
No riffle 20x5 15x4 RC 04 25

No Riffle 5x6 8x8
No Pool 15x6 6x3 Same Location as redd #3
No Pool 15x6 3x2
No Riffle 8x9 8x6 17

No run 25x6 9x4
No run 8x4 3x3
No pool ? Too dee 4x3 deep
No pool 20x4 4x3
No pool 12x6 8x4 Cecil
No riffle 5x3 5x3 Crawford
No run 8x3 2x2 Crawford
No riffle 25x4 6x3 Andy's
No riffle 25x4 4x3 Andy's
No run 16x4 10x3
No run 10x4 5x3
No run 12x5 8x4
No run 20x5 10x4 Bridge
No run 16x4 10x4
No pool 20x6 10x6 St. Claire
No pool 40x6 8x3
No run 12x6 8x5 58

No Run 12x5 9x4 38 multi-fish fight on the next sight up-river
No Run 5x3 7x5 39
No Run 10x5 5x4 47 2

No Riffle 30x30 12x5 RB 01
No run 20x10 10x4 RB 02
No run 20x8 15x6 RB 03
No run 20x6 14x4 RB 04
No run 30x30 12x5 RB 05 49

No riffle 12x5 12x5 RB 01
No riffle 10x15 10x4 RB 02
No riffle 25x10 20x8 RB 03 10

n/a n/a n/a n/a n/a possibly one redd at the last priva 6

No riffle 75x8 5x4
No run 30x8 10x5
No riffle/ run 30x15 11x7 beautiful redd!
No run 30x10 7x4 2 slightly old redds just called one
No run 25x20 15x10
No run 30x10 5x3



no riffle 12x4 10x3 RA01

No riffle 40x6 10x5 8

No riffle 20x5 5x3 steelhead?
No run 25x10 10x3
No riffle 30x15 4.5x2.5 small!
No run 11x5 7x4.5
No riffle 30x10 15x8 huge! Possilby multiple redds 7

No riffle 40x20 12x7 49 1-4 in same large riffle
No riffle 40x20 14x5 49
No riffle 40x20 12x5 49
No riffle 40x20 12x5 49 3 & 4 next to each other
No run 25x10 25x10 50 0

No riffle 30x20 16x8 RE01
No riffle 30x30 20x15 RE02
No riffle 15x15 30x15 RE03
No riffle 30x12 25x5 RE04
No riffle 20x10 18x6 RE05
No riffle 20x30 10x6 RE05
No riffle 40x30 20x8
No pool 15x20 10x14
No riffle 30x15 15x6 RE09 L Bank
No riffle 15x5 10x3 RE09 R Bank
No riffle 50x30 20x7 17

No riffle 30x10 16x5 RX01
No riffle 30x15 15x8 RD02
No riffle 12x6 8x5 RD02
No riffle 15x20 15x8 CD02 45

N/A N/A N/A N/A N/A 4

No run 3x3 3x2 by trailhead parking lot
No pool 8x3 5x3 just below parking lot
No pool 6x4 3x2 between bridges 4

no riffle 10x10 8x5 14

Yes pool tailout 30x40 4x8
Yes pool tailout 25x60 3x6
Yes riffle 20x30 4x14 Below Bridge 5

no 30x10 4.5x5 smaller but rounded
no glide 100x10 7x4
no glide to riffl 50x20 10x5.5 not sure if completed 7

no run 200x25 8x5 gorge
no pool 20x20 3x4
no pool/ riffle 20x20 3x1.5 0



no pool tailout 25x7 18x4 RA02 1

n/a n/a n/a n/a 0

No Pool 20x20 5x4
No Run 20x10 10x5
No Run 25x10 10x10 2

no (mining)riffle 7x4 6x2.5 in a mound of smallish mine tailings, by large dredge ho
No glide 13x6 6x4 just below confluence with russians
No glide 40x15 10x4
No glide 40x15 7x3.5
No glide 40x15 6x3
No riffle 13x5 9x4 0

No run 15x7 7x5
No run 15x7 7x5
No riffle 8x5 5x3 1

No riffle 7x4 6x4
No riffle 30x15 two redds in same location, 1 pre 0

No riffle 6x5 6x3
No PTC 20x15 9x5
No PTC 20x15 7x3
No PTC 20x15 8x4
No riffle 15x7 8x4 5

n/a n/a n/a n/a 0

No 6x7 6x7
No 10x7 5x7
No 30x10 15x8
No 30x10 15x8
No 30x10 15x8 2





ed look to redd- fresh bear evidence = possible predation?
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Salmon to Trinity

Species Life Stage Run Source
Spring Al Olson Pa1 Pa1 Pa1

Fall Al Olson Pa1 Pa1 Pa1 Pa1
Winter
Spring Al Olson Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2

Fall
Winter
Spring Al Olson Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2

Fall Charlie Chamberlain U U U U U U Pa1 Pa1
Winter
Spring Al Olson Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pd2 Pd2 Pd2

Fall
Winter

Juvenile yearling 
rearing All Al Olson Pd2 Pd2 Pd2 Pd2 Pd2 Pd2

Al Olson Pd2 Pd2 Pd2 Pd2 Pd2 Pd2 Pd2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Ma2 Pa2 Pa2 Pa2 Pa2 Ma2 Ma2 Pd2 Pd2 Pd2 Pd2

Charlie Chamberlain U U U U Pa2 Pa2 
Pa4

Pa2 
Pb3 
Pa4

Pa2 
Pb3 
Pa4

Pa2 
Pb3 
Pa4

Ma2 
Pb3 
Pa4

Ma2 
Mb3 
Ma4

Ma2 
Mb3 
Ma4

Ma2 
Pb3 
Ma4

Pa2 
Pb3 
Pa4

Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Pa2 Ma2 Ma2

Spring Al Olson Pa3 Pa3 Pa3 Pa3 Pa3 Pa3
Fall

Winter
Adult holding Spring Al Olson Pa? Pa? Pa? Pa4 Pa4 Pa4 Pa4

Fall
Winter

Redd Construction All Al Olson Pa4 Pa4
Egg Incubation to All Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8
Fry Rearing (up to All Al Olson Pa5 Pa5 Pa5 Pa5 Pa5 Pa5 Pa5 Pa5 Pa5 Pa5

Juvenile YOY All Al Olson Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4
Juvenile emigration 

(>50mm) All Charlie Chamberlain Pa2 
Pa4

Pa2 
Pa4

Pa2 
Pa4

Pa2 
Ma4

Pa2 
Ma4

Pa2 
Ma4

Pa2
Ma4 Pa4 Pa4

Adult migration All Al Olson Pa4 Pa4
Adult holding All Al Olson Pa4 Pa4

Redd Construction All
Egg Incubation to 

fry emergence All

Fry Rearing (up to 
50 mm) All

1+ rearing (>50 
mm) All

2+ rearing (>130 
mm) All

Juvenile emigration 
(>50mm) All

Adult migration All
Adult holding All

Runback emigration All

Juvenile emigration 
(>50mm) All

Jan

Adult migration

Jun Jul Dec
C

hi
no

ok

Redd Construction

Egg Incubation to 
fry emergence

Fry Rearing (up to 
50 mm)

Juvenile YOY 
rearing (>50 mm)

Feb Mar Apr May Aug Sep Oct Nov
C

oh
o

C
oa

st
al

 C
ut

th
ro

at



Salmon to Trinity

Species Life Stage Run Source Jan Jun Jul DecFeb Mar Apr May Aug Sep Oct Nov
Summer Al Olson Pd6 Pd6

Fall
Winter Al Olson Pd6 Pd6 Pd6 Pd6

Summer Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8
Fall

Winter
Summer

Fall Charlie Chamberlain Aa4 Pa4 Pa4 Pa4 Pa4 Ma4 Ma4 Ma4 Pa1 
Ma4 Pa4

Winter Al Olson Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6
Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pd8 Pd8 Pd8 Pd8 Pd8 Pd8

Charlie Chamberlain Pa4 Pa4 Ma4 Ma4 Pa4 Pa4 Pa4 Pa4 Pa1 
Pa4 Pa4 Pa1

Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6 Pb6
Charlie Chamberlain Ma4 Ma4 Ma4 Ma4 Pa4 Pa4 Pa4 Pd Pa1 Pa1

Juvenile emigration 
(>50mm, all ages) All Charlie Chamberlain Pa2 Ma2 

Pa4

Ma2 
Mb3 
Pa4

Ma2 
Mb3 
Ma4

Pa2 
Mb3 
Ma4

Pa2 
Pb3 
Ma4

Pa2 
Pb3 
Ma4

Pa2 
Pb3  
Pa4

Pa2 
Pb3 
Pa4

Pa2 
Pb3 
Pa4

Summer
Fall

Winter
Summer Al Olson Pd8 Pd8 Pd8 Pd8 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pd8 Pd8

Fall
Winter Al Olson Pd8 Pd8 Pd8 Pd8 Pd8 Pd8 Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pd8 Pd8

Half-pounder 
migration and 

holding
All

Al Olson Pa4 Pa4 Pa4 Pa4 Pa4 Pa4 Pd8 Pd8

Runback emigration All Al Olson Pb7 Pb7 Pb7 Pb7 Pb7 Pb7 Pb7

Spawning All
Egg Incubation All
Juvenile rearing All

Juvenile emigration All Charlie Chamberlain Pa4 Pa4 Ma4 Ma4 Pa4
Adult migration All
Adult holding All Pa3 Pa3

Spawning All Pa3 Pa3
Egg Incubation All
Juvenile rearing All

Juvenile emigration All Charlie Chamberlain Ma4 Ma4 Ma4 Ma4 Pa4 Pa4 Pa4 Pa4 Pa4
Adult migration All
Adult holding All

All

All
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Adult migration

Fry Rearing (up to 
50 mm)

Adult holding

2+ and older rearing 
(>130 mm)

1+ rearing (>50 
mm)

Redd Construction

Egg Incubation to 
fry emergence
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